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The large photograph shows a Kent ring-balance recorder 
measuring crude producer gas to soaking pits at Messrs. 
Colvilles Ltd., Dalzell Works, Motherwell. 
The photograph in the circle shows a similar Kent recorder 
measuring crude producer gas to open-hearth furnace. 
Several of the recorders supplied to Messrs. Colvilles are 
fitted with an electric contact device for operating a steam- 
blowing valve, and an integrator cut-out for use when 
non-integration of air flows is needed. 
This installation has been in service over three years. Other 
Kent metering installations dealing equally successfully with 
tarry producer gas are at :— 

Shelton Iron, Steel and Coal Co., Ltd., Stoke-on-Trent. 

Cochrane and Co., Ltd., Middlesbrough. 

Dorman, Long and Co., Ltd., Middlesbrough. 


Hadfields, Ltd. Sheffield. 
Samuel Fox and Co., Ltd., Sheffield, etc. 


These Photographs are reproduced by courtesy of Messrs. Colvilles Ltd. 


GEORGE KENT LTD., LUTON, BEDFORDSHIRE. LONDON OFFICE, 200, HIGH 
HOLBORN, W.C. I. 


MULTELEC 


FOR TEMPERATURE 


The Kent Multelec, as a recording and 
controlling pyrometer, deals with tem- 
peratures ranging from minus 300°F. to 
plus 3,000°F., a change being detected on 
the recorder within two seconds of its 
occurrence. Multipoint recorders with 
distinctive chart readings are made for 
any number of points up to six, and also 
for twelve points. 

The Kent Multelec Recorder-Controller 
is used in steelworks, oii refineries, 
sugar refineries, food factories, and 
in connection with heat-treatment in 
many industries. 
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SEXTRUDED RODS € SECTIONS 


METALLURGIA 


MADE BY 


MSKECHNIE 


BROTHERS LIMITED 


BRASS RODS, STAMPINGS, and NON-FERROUS 
INGOT METAL MANUFACTURERS 


ROTTON PARK STREET, BIRMINGHAM 16 Phone: Edg- 
baston 0380 (seven lines). Telegrams: “ McKechnie, Birmingham.” 
LEEDS: Prudential Buildings, Park Row NEWCASTLE-on- 
TYNE: 90, Pilgrim St. LONDON: 17, Victoria St., West- 
minster, S.W.1. MANCHESTER : 
509-13, Corn Exchange Buildings 4. 
Sulphate of per and Lithopone 
Works : WID) , Lancashire. 
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FUSED 


| PURE 
SILICA 


LABORATORY WARE 


No other Laboratory Ware combines heat and acid resistance to the 
same degree as VITREOSIL. It is invaluable for ignition work. 


The THERMAL SYNDICATE Ltd. 


Head Office @ Works - WALLSEND, NORTHUMBERLAND 


London Depot - Thermal House, 12-14, Old Pye Street, Westminster, S.W.1. 


HEAT & 
ACID 
PROOF 
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FERROUS 
FERROUS 


COMPANY 


= bg Are not limited in the 
being chilled or cooled 
| 
| 
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Levellers 


Excel in Production 
Qualitative 
and Quantitative 


KARL FR. UNGERER ENGINEERING WORKS 


| PFORZHEIM-BROTZINGEN (GERMANY) 


Sole Agents in Great Britain : Technical Representative : 
INCANDESCENT HEAT CO. LTD,, EMIL HAAG, 197, HOLLY ROAD, 
SMETHWICK, BIRMINGHAM. BIRMINGHAM 20. 
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STAMPINGS 
HIDUMINIUM 
R.R.56 
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PRIEST 


Toe furnace is fir 
with blast furn 
gas, but provisicy 
made for the add.ii 
of coke overs 
it is of the cr 


fired automatic ty 
tn which the air < 
is regenerated, 
gas being preheste- 


Continuous Success... 
Heating Economics... 


Modern design, robust construction, economical working, and close control 
of temperatures and atmosphere are leading features of Priest Furnaces. 
The illustration shows one of many furnaces recently installed in Industrial 
Plants of the most modern type; in all cases with satisfactory results. 


: ALBERT RD. MIDDLESBROUGH 
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OF FERROUS METALS 
RESISTS OXIDATION AT 
HIGH TEMPERATURES, 
RETARDS THE ATTACK OF 
SULPHUROUS GASES 


MANUFACTURES 


HEAT TREATMENT CONTAINERS 
FOR CARBURISING, LEAD, SALT, 
AND CYANIDE HARDENING 
AND ANNEALING, RECUPERA- 
TORS, PYROMETER SHEATHS, 
MUFFLES, HEARTH PLATES, 
FURNACE COMPONENT PARTS, 
OIL CRACKING TUBES AND 
SUPPORTS, ETC., ETC. 


METALLURGIA 


EXTRUSIONS 
STAM PINGS. 


Pressed and Welded Mild 
Steel Annealing Pot. 


A ROMIUM-NICKEL- 
ALUMINIUM ALLOY 
IN CAST FORM 


RESISTS OXIDATION AND 
THE ATTACK GF SUL. 
PHUROUS GASES AT 
HIGH TEMPERATURES. 
POSSESSES GREAT 
STRENGTH 


WRITE FOR CATALOGUES 
NOS. 1148 ON CALORIZING — 
1149 ON CALMET 


alorizing Corporation of Gt. . Britain Ltd. 


FARRINGDON STREET, 


LONDON, 4. 


CENtral 3282 
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53, VICTORIA, ST., WESTMINSTER 
J N Cc L F O N LONDON, S.W. I. 
Telephone : Victoria 1852. Telegrams : “‘ Newclift, Sowest, London.”’ Cables : “ Newclift, London.”” 


SILVER 
SOLDER 


FOR ALL PURPOSES 
SEND FOR SAMPLES 


PURCHASERS OF 
GOLD, SILVER AND OTHER 
PRECIOUS METALS CONTAINED 
IN RESIDUES ano WASTE MATERIAL 


CHARLES HARROLD & CO. LTD. 
& Refine, 2 & 3, St. Paul’s Square 
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The BIRLEC Furnace 
above is used for general 
heat-treatment up to 
1,000 C. and has effective 
internal dimensions of 5ft. 
Oins. by 2ft. 6ins. by Ift. 
Siew with a rating 


Pig 2 


METALLURGIA § 


INSTALLED AT 
MESSRS. 
ARMSTRONG 
SIDDELEY 
MOTORS LTD 


COVENTRY 


IF the makers of the famous ‘ Armstrong Siddeley '’ had been a little less particular about the 
small details that have made their cars and aero engines famous—this “ Birlec’’ Furnace might 


never have been installed. 


And IF “Birlec’’ were a little Jess particular about constant progress in research and 
incorporation of new features in design—thus keeping a little less ahead of contemporary 
furnace >ractice—what a lot of expenditure in recent BIRLEC Works extensions and augmented 


Staff-pay roll would have been saved. 


But perhaps it’s “ all for the BEST.” 
There are the BEST of reasons why you should submit your Heat- 
treatment problems to BIRLEC—Specialists in Specialised Heat-treatment 


Equipment. 


BIRMINGHAM ELECTRIC FURNACES LTD. 


ERDINGTON 


BIRMINGHAM 


i 
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Ujustration shows a complete install- 
ation of Gibbons Kogas big capacity 
coke-ovens and by-product pliant in 
operation at the works cf the South 
Durham Stee! and Iron Co., Ltd, 


GIBBONS 


BROS. 


‘ 
im 
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GIBBONS-KOGAG HIGH TEMPERATURE 


COKE OVENS AND BY-PRODUCT PLANT 


Already operating at the works of: 


The Cargo Fleet Iron Co. Ltd., Middlesbrough 
Messrs. J. & J. Charlesworth Ltd., Wakefield 
The Mitchell Main Colliery Co. Ltd. 

The South Durham Steel and Iron Co. Ltd. 


Also Manufacturers of the Gibbons (Cellan-Jones) Low 
Temperature Coke Ovens and Licensors of the Gibbons- 
Goldschmidt Benzol Flue 


UDLEY, WORCESTER... 
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pat on the flanks . . . . a steady hold on 

her head .... and a touch of the spur 
to take her over. It’stheselittle things, hardly 
noticeable, which spell perfect control and 
result in success in the jumping ring. 
It is the same in the production of non- 
ferrous metals. Without perfect control at 
every stage of manufacture, an unrivalled 
research service, and the finest of machinery 
and skilled labour, the non-ferrous metals 
made by I.C.I. Metals Ltd.— in sheet, strip, 
tubes, plates, wire, rods and sections—could 
never have attained their present standard 
of perfection. 


STRIP » SHEET TUBES PLATES 
I C I MET A LS LT WIRE +- RODS & SECTIONS 
IN NON-FERROUS ALLOYS 


Enquiries for literature should be addressed to 
IMPERIAL CHEMICAL INDUSTRIES LIMITED 
Dept. Mi2, IMPERIAL CHEMICAL HOUSE, MILLBANK, LONDON, S.W.1. Sales Offices at: Belfast, Birmingham, 


Bradford, Bristol Dublin, Glasgow, Hull, Liverpool, London, Manchester, Newcastle-on-Tyne, Shrewsbury, Swansea. 


ELECTRIC STEEL FURNACES 


with Basket Charging and Vessel Turning Gear 


enable huge savings to be made in the costs of breaking up and charging scrap 


This Bulky Scrap 


is brought along from the scrapyard and insert- 
ed just as it is in the furnace by our patented 
charging basket. The basket shown in the illus- 
tration contains a charge of 15 tons, made up of 
steel rolls and tops. The charge is not dropped 
on to the hearth of the furnace but laid gently 
down on to it without the slightest bump. 


Further particulars may be had on application to : 
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We have pleasure in announcing the issue of a 
new publication dealing with the selection of 
materials for machine tools, with particular 
reference to the use of the various nickel alloys. 


This new publication has been written by one : 
who has had many years experience of every angle 
of the machine tool business and its perusal will 
be provocative of many new ideas and suggestions. 


A copy will be sent free of charge on receipt ot 
the coupon below or of a post card. 


Please send free of charge a copy of your 
publication H. 26. 


The Bureau of Information on Nickel, 


THE BUREAU OF INFORMATION ON NICKEL) THE MOND NicKEL COMPANY, LTD. 


ane Thames House, Millbank, London, S.W.|. 
“MOND NICKEL COMPANY + THAMES HOUSE - MILBANK - 
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7 Att-classes comply with War Office, Admiralty, 


aed British Specifications ; select 


Open Hearth Acid and Atfoy Steels for Forging, Machining — 
and general prifposes. Supplied in Blooms, Billets, Slabs, 
Sqitares,’ Flats; Hexagons and Special Sections to: 


BARROW HAIMATITE STEEL CO. 
3ARROW-IN-FURNESS, ENGLAND } 
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For ali types of burners and 
small heat-treatment furnaces 
write to our associated company :— 
THERMIC, 
Equipment & Engineering Co. Ltd. 
Foundry Yard, 
Salmon Street, 
PRESTON. 


Telephone: 3782 PRESTON’ 
Telegrams : THERMIC. 
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Four of a group of ten Gibbons’ town’s gas-fired carburizing furnaces, 
fitted with Electroflo automatic control, at the works of Messrs. 
Wolseley Motors (1927) Ltd. 

Reliable results sought in heat-treating practice depend upon the 
proper combination of the man, the furnace, and the material. 
Good material is entitled to proper treatment in good furnaces, 
and both should have the services of good men. 


No two cases are alike, and no type of furnace has a monopoly 
on uniformity of heating or economy in operation; for this reason 
we, as specialists, design heat-treatment furnaces to suit your 
particular conditions and products; in this way reliable results 
can be assured, with the utmost economy. 
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ELECTRIC 
FURNACES 


A G.E.C. Brown Boveri Arc 
Furnace of the Heroult type 
with G.E.C. Brown Boverielectro- 


hydraulic automatic electrode 0 
control. Hundreds of furnaces J0 N 0 N ATTH EV C 
of the same design ranging from 


4 ton to 35 tons capacity are LO N D 0) N 
in regular service for steel making. : . 

for Melting Nickel y 


Advt. of The General Electric Co. Lid. Head Office: Magnet House, Kingsway, London, W.C.2. 


| 
Cees) 
—— 
| 


DecemBer, 1937. METALLURGIA 17 


——FORGING 


MULTIPLE OPERATIONS in one heat 
including trimming. 

CAPACITY includes a wide range of 
forgings and complete piercing. 

MAXIMUM PRODUCTION 6sarying 
from 50 to 200 forgings per hour. 

ACCURACY due to fine control on dies. 


CONTROL by pneumatic friction clutch, 
pedal operated. 


LITERATURE covering a wide range of TOOLING FOR 3 STAGE OPERATIONS 


activities available on request. A-B Upset: C-D Preliminary: E-F Finishing. Remainder shown at F. ° 


PHONE 


BEVERLEY WORKS Willow BARNES LONDON S.W.13 
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OFAG OFENBAU A.G. 
Dusseldorf, Kaiserswertherstrasse 105. 


Industrial Furnaces 
of all kinds. 


Continuous 
Pack Heating Furnace 
with 
high-speed discharging device. 


° ge . Continuous furnaces with automatic conveyors for the manufacture of 
Speciality : sheets and all heat-treating processes 


Sole Agents in England: 
ROBSON REFRACTORIES LIMITED, 47, CONISCLIFFE ROAD, DARLINGTON. 


Disseldorf, Germany 
TWO- AND FOUR-HIGH, CLUS- 
TER AND HIGH-SPEED ROLLING 
MILLS with forged and hardened steel 


rolls, for cold rolling iron, steel, brass, 
copper, aluminium, etc. 


AUXILIARY MACHINES 
OF ALL DESCRIPTIONS, 
slitting, straightening, and 
pickling machines, etc. 


COMPLETE 


PLANTS FOR 
ROLLING ALU- 
MINIUM, TIN 
AND LEAD FOIL 
in long length. 


FORGED AND 
HARDENED 
STEEL ROLLS of 
all dimensions. 
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It has been stated that it is an offence, 
on Rumanian Railways—punishable by a 


fine—to travel in a smoking compartment 
unless one is indulging in either a pipe, 
cigar or cigarette. This England of ours 

is still a free country in most things. 
Designers of Rolling Stock, if they choose, 
are still free to use heavier metals that place 
an unfair burden on the locomotive. But 
commonsense is steadily exercising an influence, 
far greater than compulsion, towards lightening of 


rolling stock construction by the incorporation of 


REYNOLDS TUBES RODS & SECTIONS IN ALUMINIUM & MAGNESIUM ALLOYS 5 


REYNOLDS TUBE CO. LTD. TYSELEY BIRMINGHAM 
(ASSOCIATED WITH REYNOLDS ROLLING MILLS LTD.) 


Camloy is different to Stainless Steel as 
it contains approximately 30° /, of Nickel. If Stainless 
has failed for your purpose try Camloy. Used 
exclusively for Exhaust System of Short Empire 
Flying Boats. 


a 


CAMERON <€ SOR 


CAMLOY WORKS, MARGARET STREET, SHEFFIELD, 1. 
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| ON ALLOY AND 
SPECIAL STEELS 


ALLOY STEEL CATALOGUE. PUBLICATION SF.104 


Our catalogue of alloy steels is one of the most complete ever 
published, giving comprehensive particulars of composition, specifications 
met, reistive price, uses, heat-treatment, mechanical properties and 
actual tests of a complete range of alloy steels for the aircraft, automobile 
and engineering industries. 


4 


Attention in this range has been given to a special ‘‘ Stocksbridge ” 
range of alloy steels which can be treated and fabricated without trouble 
as a matter of ordinary routine in engineering shops where the personnel 
is not yet accustomed to handling the more complex alloy steels. 


SOME NOTES ON ALLOY STEELS. PUBLICATION SF.180 


The publication is a 32 pp. treatise upon the elements of steel-making 
in relation to the choice of alloy steel types, including high-frequency 
alloy steels and ‘‘Silver Fox’’ Stainless Steels. 


“DIAMET” INSPECTED AND TESTED ALLOY STEELS. 
PUBLICATION SF.1!77 


A “Super "’ range of alloy steels especially for highly stressed parts and 
heavy duties, made throughout in the high-frequency electric furnace 
plant. This series of steel shows remarkable mechanical properties, great 
freedom from non-metallic inclusions and ultimate reliability. 


“RED FOX” HEAT-RESISTING STEELS. 
PUBLICATION SF.158 


A range of steels offering special resistance to scaling and deterioration by 
action of gases, with high strength at working temperature. 


“SILVER FOX” STAINLESS STEELS. PUBLICATION SF.157 


The improved process stainless steels, including grades which are easier 
te work and polish, highly ductile, free from weld decay, resistant to 
sulphuric and other mineral acids, etc. 


Write for any of the above publications to the Publicity Dept., 
The United Steel Companies Limited, 17, Westbourne Road, 
Sheffield, 10, giving your name, name and address of firm, and 
your position with firm. 


THE UNITED 


SAMUEL FOX & * 6) LTD. COMPAKIES LTD 


Associated with The United Steel Companies Limited 


STOCKSBRIDGE, NR. SHEFFIELD 


@ F.118a 
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“MOTOR {GENERATOR 


SWITCH AND 


WARD-LEONARD 
“ILGNER SET 


A complete reversing 
Mill equipment for a 
5,000 h.p. 55/140 
r.p.m. Motor. Maxi- 
é mum peak torque 
750 tons-feet, 

(49/140 ¢.p.m., 
equal to 15,500 
h.p., at the Cargo Fleet 
Ironworks of the South 
Durham Steel and Iron 
Co. Ltd. 


Vick 


BLECTRICAL 
TRAFFORD PARK MANCHESTER 17, 


| 
ROLLING-MILt , ~ 
MOTOR J a 
ap 
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K.T.G.-AMCO RECUPERATIVE SOAKING PIT 


Patented and Patents Pending 


Seal Tyne Cover Level Track 


Air 
Recuperator 


Air Supply 


Clean 
Out 


Waste Gas Flue Blast Furnace Gas 


Preheater 


5 
Producer Gas Flue a | Air Supply 


OPERATING ADVANTAGES 


UNIFORM HEATING—controlled flame parallel with long axis of ingots: better steel, shorter cropping. 
WASHING ELIMINATED—correct fuel application automatically regulated. 

BOTTOM MAKING WEEKLY—saves coke and labour. ADDS UP TO ONE EXTRA HEAT DAILY. 
INCREASED TONNAGE—charged capacity is increased up to 100°, when compared with existing pits. 
SEALED COVER—-CRANE TYPE MOTORISED CARRIAGE. 

Automatic fuel and air regulation with cover movements—saves fuel—speeds operation. 


CONTROLLED HEAT CIRCULATION FUEL SYSTEM FULLY AUTOMATIC 
character of scale controlled. draught control. 


DEPENDABLE RECUPERATION. NO MANUAL ADJUSTMENTS. 


| 
1 
PATENTED 
Open Pit USES ALL FUELS Automatic Draught and Air Ratio Equipment 


Embodies the best known combustion, metallurgical and mechanical practice. 
WRITE FOR FULL PARTICULARS TO: 


KING, TAUDEVIN & GREGSON LTD. 


Furnace and Gas Plant Engineers, 
Melbourne Chambers, Cambridge Street, 
Shefield 21753 SHEFFIELD I. pyro. Sheffield” 
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Interested Metallurgists 
4 and Plant Engineers 
are invited to write for 
fully descriptive cata- 
ain logues and interesting 
articles on Automatic 
Furnace Temperature 
& Atmosphere Control. 


OYAL 


INDON _ ENGL AN 


acy years 


light and resilient. 
g is low and the life of the bearing 


ayity manent is thoroughly aged. The moveable element 
= tly related to the pole-pieces and locked in position by 
fein and a Tee-slide. The high internal resistance (18 ohms per 
mullivolt) prevents loss of accuracy through changing atmospheric 
temperatures and varying circuit resistance. 
Important pyrometer users in every class of industry have paid 
tribute to the excellent service given by Electroflo pyrometers by 
standardising them for all temperature measurements and heat 
treatment operations. 


Ac. Synchroncss motor-driven ‘Pyrograph’ Temperature Recorder— Programme Controller for use with 
Single or single or two-record with spi Control Pyr 
wound clock-ariven 6° wide, 1,600 cam to any 


ELECTROFLO PYROMETERS 


INDICATING «x RECORDING x CONTROLLING 


MAKERS OF THE ORIGINAL MECHANICALLY OPERATED MERCURY-SWITCH CONTROL PYROMETER 


otdvert.of :-ELECTROFLO METERS COMPANY LTD., ABBEY ROAD. PARK ROYAL, LONDON, N.W.10 


4 T RES 4620 d 
10" Scale Indicating Control Pyrometer. 
=e ar se cé ecause ‘ 
° BSS ng 
pqae pivot/loadin 
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Schloemann Extrusion Presses 


up to 5000 tons pressure are working in 
Light Metal Works and other Non-Ferrous 
Metal Works to the thorough satisfaction 
of clients in all industrial countries of | 
the world. 

The illustration shows a 5000 tons Ex- 
i trusion Press for the extrusion of light 
Fae metal billets of a weight up to 1340 Ibs. [ 


= 


SCHLOEMANN AKTIENGESELLSCHAFTDUSSELDORF 


British Representatives : SPANNAGEL LTD., 13-15, OLD QUEEN STREET. WESTMINSTER LONDON, S.W.1 


i 
| 
= 
section at presses up 5000 tons: 
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TWO MORE EXAMPLES OF - FC O 


FURNACES 


¥ 4 
& 
- 


ELECTRICALLY HEATED FURNACES 
AND SALT BATHS ARE AVAILABLE 
FOR ALL PROCESSES WHERE 
CRITICAL CONTROL OVER THE 
PHYSICAL PROPERTIES OF THE 
MATERIAL UNDER TREATMENTS IS 
A NECESSARY FEATURE. 


ILLUSTRATIONS SHOW 2 


(1) EFCO Furnace with forced air circulation equipped with completely automatic charging and quenching 
gear for the solution treatment of Duralumin, etc. 


(2) Two large EFCO Pit Furnaces with forced air circulation using a special atmosphere for the heat treat- 
ment of Electron and other light alloys. 


ELECTRIC RESISTANCE FURNACE CO. LTD. 
C Oo 17 VICTORIA STREET, LONDON, S.W.1 
GRAMS: ELECTRIFUR, PHONE, LONDON 


PHONE: ABBEY 417! (7 LINES) 


Lindum 


UMINIU 
ALUMINIUM 
1 
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MELTING 


ECONOMICAL 
AND 
RELIABLE 


SIMPLICITY of CONSTRUCTION 
ABSOLUTE SECURITY 
RAPIDITY of ACTION 
are the 
CHARACTERISTIC MERITS 


of the 


METALECTRIC-TAGLIAFERRI FURNACES 


CORNWALL RD SMETHWICK BIRMINGHAM SMETHWICK 156102 


LONDON OFFICE... 16 GROSVENOR PLACE .. $.W.I. 
COLOGNE RIS MILAN. 


the structure of the ee, control 


J 
4 
MAKING. 
ty 7 ti Te i = T We SO > 2 4 
MPERIAL CHEMICAL INDUSTRIES LIMITED 
‘rer. LMPERI REMIC.AL.: S.W.! 
DEPT IMPERIAL CHEMICAL MOUSK. LONDON, 
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Designers and manufacturers of 
every type of furnace for all 
industries. Special Purpose furnaces 


Gas-fired refractory-roller hearth 


f f th 
of forgings, 2s installed in the works of every description for all fuels 
f leadi iti ial ‘ 

and for either continuous or inter- 
mittent working. If you have a heat 


treatment problem send for an 
Incandescent Engineer to solve your 
difficulties. 


INCANDESCENT HEAT oo. 
‘Cornwall! Road, Smethwick, Birmingham 


16, Grosvenor Place, $.W.1 Selas Works, City Road, Manchester i5 
i "Phone : Sane 7803 ‘Phone: Central 2648. 
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Here you see the solution of many a pickling shop’s troubles —an 


electrically welded MONEL crate. 


Allied to the inherent virtues of MONEL—Strength, Toughness, 
Resistance to Pickling Acid Corrosion—you have a form of con- 
struction specially adapted for a particular service. 


Your next pickling equipment order should specify— 
MONEL. 


Our Technical Service Department will appreciate an 
opportunity of suggesting suitable pickling equipment 
designs for your particular purpose. 


HENRY WIGGIN « C°-L™. 


THAMES HOUSE, MILLBANK, LONDON, 


*“MONEL” is a registered Trade Mark 


Please send me a free copy of your publication 


HENRY WIGGIN & CO., LTD., 


Thames House, Millbank, London, S.W.|1. 
38/MQr 


‘ 
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MONEL 

| ELECTRICALLY WELDED PICKLING CRATES 
velop | 
dev 
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High Grade 
AYRSHIRE 
FIRECLAYS 


FOUNDRY BLACKINGS 
AND ALL FOUNDRY REQUISITES \\ 
§ THOMAS WILKINSON & Co. Ltd. MIDDLESBROUGH Modern plant, practical research and technical 


Phone: 3719 control have created the “* DOUGLAS” and 
“ TRIANGLE ”’ brands of aluminous firebrick. 


@ “DOUGLAS.” Alumina 39/40°%. First grade 
firebrick for general service. 


E T @ “DOUGLAS A.” Alumina 43/44%,. More re- 
sistant than ‘ DOUGLAS ’ to erosion by fluid slags 


and more stable at high temperatures under load. 
PYROMETERS 


@ “DOUGLAS X.” Alumina 37 /38°%,. 
: harder and denser than ‘DOUGLAS. ° 


@ “DOUGLAS S.” Similar to ‘DOUGLAS’ but 
of elastic texture for suspended arches and roofs. 


@ “TRIANGLE A.” Alumina 43/44%. Elastic 
texture. More resistant than ‘DOUGLAS S’ to 
high temperature and to slag attack. 


@ “TRIANGLE W.” Alumina 36/38. For sus- 
pended arches and roofs, when resistance to 
thermal spalling is particularly important. 


3 Descriptive Catalogue 
q includes silicon carbide, fused 
f a, silli ite and other 
: special grades for works and 
laboratories. 


3 THE MOST SIMPLE AND ACCURATE SYSTEM OF -* 
4 AUTOMATIC TEMPERATURE CONTROL 

4 FOR GAS, OIL AND ELECTRIC FURNACES. THE MORGAN CRUCIBLE 
ETHER LTD., COMPANY LIMITED — 


Tyburn Road, Erdington, Birmingham BATTERSEA CHURCH ROAD LONDON, SMI 
EAST 1121. WORKS-DALRY. AYRSHIRE £ BATTERSEA 


@ 
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______HEAT TREATMENT FURNAGES 


DESIGNED FOR ECONOMY 
BUILT FOR SERVICE 


We design Furnaces to suit your 
particular Heat Treatment operations 
and to use whatever type of fuel you 
can most conveniently obtain. 


Our experience, extending over forty 
years, is at your disposal toenable you 
to decide how your heat treatment 
problems can be solved both from 
the point of view of economy and 
service. 


DOWSON & MASON 


GAS PLANT COMPANY L® 


HERBERT 


PULVERIZED COAL FOR ECONOMY 


The Atritor Unit Coal Pulverizer offers 
the most economical method of firing 
Boilers, Cement Kilns and Metallurgical 
Furnaces. 

Cheap low-grade coal can be used ; 
labour costs are low as the machine is 
automatic in action from bunker to 
burner. 


1,200 ATRITORS ARE IN SUCCESSFUL 
OPERATION 


We are sole agents for the sale of the 
Modave-Hanrez Patent Dust Arrester 
which prevents pollution of the atmos- —— Za 7 4 
phere. ATRITOR-FIRED METALLURGICAL FURNACES 


ALFRED HERBERT LTD., COVENTRY 
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Graphite Electrodes from 1}” 
to 16” diameter can be supplied 
from stock, and our services 
for any information concerning 
arc furnaces or arc furnace 
practice are at your disposal. 


“The furnace illustrated is a 5-ton 
Stobie type Heroult, using Acheson 
electrodes, being one of two 
furnaces of this type and capacity 
operated by The Clyde Alloy Steel 
Company of Motherwell, through 
whose courtesy this photograph 
s shown.”” 


(ACHESON PROCESS 


CHESON ELECTRODES 


TOWN HALL AMBERS S7FARGATE. SHEFFIELD.|I. 
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for 
“Trumpet 


of Fine Steel 
Ingots. 


RUNNERS, 


TRUMPET 
BRICKS, 
LADLE BRICKS, 


MOULD 


SHAPES,ETC, 
INSULATING 
| PRODUCTS 


shall’s Refractory Shapes have been evolved out of intimate 
— continuous consultation with the Steel Masters of 
field. 
sen for the up-pouring of ingots for special steels where the 
test error would involve expensive failure. The shapes are 
t, the flow-surface is smooth, and our fire clays are the ideal 
erial for this high-temperature work. We gladly supply trial 
, So that you can test for yourselves, their cut-out, erosion, 


OMAS MARSHALL & Co. (Loxley) Ltu. 


XLEY Nr. SHEFFIELD 
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HARDNESS TESTERS 


RADIAL ARM TYPE FOR LARGE 
WORK 


CLEARANCE : VERTICAL 4in., RADIAL 20in. 


The arm _ is_ readily raised and 
lowered to the position required 
and the radial movement 
effected without effort. 


JACKM 


AND COMPANY LIMITED, 


VULCAN WORKS, BLACKFRIARS ROAD, 
MANCHESTER. 


‘Phone : Deansgate 4648 9. * "Grams : Blast, Manchester, 
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Steelworks 


We design and build complete Steelworks Plants, i.e., Open-hearth, Basic 
Bessemer or Electric Steelworks, with all accessory equipments, auxiliary 
machines, cranes, and transporting plants. 


P. HEUSER, 119, VICTORIA STREET, LONDON, S.W. I 


\ j 
Bs. ay 


36 METALLURGIA DeceMBER, 1937. 


METALLURGICALLY CONTROLLED 


CHILLED SHOT 
AND GRIT 


For use with all types of shot blasting apparatus for 
cleaning castings and forgings ; for the preparation of 
the surfaces of castings and sheets for enamelling and 
cellulosing ; for stone cutting, rock boring, well 
drilling, brick making, and all purposes where hard 
chilled steel alloy in abrasive form is required. 


The chemical composition, crushing strength, hardness, 
wear, and corrosion resistance are the subject of 
careful control by the staff of Bradley’s Research 
Laboratories with a view to obtaining the maximum 
life and cutting power under the various service 
conditions. 


All grades of round shot and angular grit are available 
and we invite your enquiries. 

Bradley’s own motor lorries and vans maintain an 
efficient road delivery service over a wide area from 
the works, and prompt deliveries can be ensured. 


LTD 


STAFF 


STAFFS. 
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FURNACES 


More than 200 


Siemens Melting and Reduction Furnaces are working satisfactorily and economic- 
ally with SIEMENS PLANIA ELECTRODES. We are in a position to supply 
suitable Electrodes for any Electro-Metallurgical and Electro-Chemical Process. 


SIEMENS-SCHUCKERT (GREAT BRITAIN) LTD: GREAT WEST ROAD - BRENTFORD: MIDDLESEX 
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What has CASEHARDENING 


to do with AQ bachelor’s 


button? 


The split ring of the bachelor’s button would 
be very expensive to make of hardened and 
tempered spring steel. So it is made of soft 
steel and casehardened to give the necessary 
stiffness and “springiness.” 

Bachelor’s buttons to aero engine parts 
—anything that needs casehardening is better 
done by the “Cassel” Cyanide Processes of 
Casehardening and Heat Treatment. Both are 
described in the books ““Modern Methods of Case- 
hardening” and “Rapideep,” free on request. 


‘CASSEL’ 


processes of 


CAS EHARDENING 
AND HEAT TREATMENT 


[.IPERIAL CHEMICAL INDUSTRIES LIMITED 
DEPT. ©.6., IMPERIAL CHEMICAL HOUSE. LONDON, 5.W.1 


Sales Offices at Belfast, Birmingham, Bradford, Bristol, Dublin, Glasgow, Hull, 
Leicester, Liverpool, London, Manchester, Neweastle-on-Tyne, Peterborough and 
Shrewsbury. 
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KRUPP 
ROLLING MILL 
EQUIPMENT 


for STEEL, IRON, NON-FERROUS 
METALS and ALLOYS 


TWO-HIGH REVERSING HOT-ROLLING MILL (31} in. diameter 

Rolls), with discharge roller table behind the stand, and strip 

lifting off device for rough rolling strips of non-ferrous metals from 
billets weighing up to 2,000 Ibs. 


Krupp-Grusonwerk, Magdeburg, Germany 


Sole Agents in Great Britain: JOHN ROLLAND & C0. Lid., Abbey House, 2, Victoria Street, LONDON, $.W.1 


elephone 


SUBSCRIPTION FORM. 


METALLURGIA 


Please send us wi METALLURGIA - monthly, until 


countermanded at our? discretion. Invoice at 12/- half-yearly 


KENNEDY PRESS LIMITED 
21, Albion Street 


GAYTHORN, MANCHESTER | 
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ROLLING MILLS 


E AUXILIARY MACH INERY- 
HYDRAULIC SHEET STRETCHING MACHINES, 

GANG SLITTING MACHINES, WIRE-DRAWING MACHINES. 

SWAGING MACHINES, STRAIGHTENERS €REELERS. 


Four-High Mill 
for Sheet and Strip la 


ROBERTSON 


BEDFORD| 


Telegrams: WHARCO Telephone: 4171 
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FEATURE 
ELECTRIC 
FURNACE 


DESIGN| 


WILD- [GIBBONS-WiLD-BARFIELO} 


= Reduced Head Room 
Ae Lifting Gear Enclosed 


Ease of Operation 


Maintenance Negligible 
WE SHALL BE PLEASED TO SEND 
YOU FURTHER PARTICULARS A BETTER FURNACE 


ELECTRIC FURNACES LTD. 


BELGRAVE HOUSE, BELGRAVE ST., LONDON, W.C.1. 


PROPRIETORS: GIBBONS BROS. LTD., DUDLEY, & WILD-BARFIELD ELECTRIC FURNACES LTD., LONDON. 
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¥ 


Photo of Lathe Bed, by 
courtesy of Messrs H. 
W. Ward & Co. Lid., 


Birmingham. 


Our modern equipment and up-to-date organisation 
enable us to produce the highest quality castings, that 
are reliable, accurate, have easy machining properties and can 
stand up to long service. We supply small light section 
castings and the heaviest machine tool and other castings 
up to Io tons. 


In addition to grey iron, nickel chromium iron and malleable 
iron, we can also give quick deliveries of castings of non- 
ferrous alloys, including aluminium bronze. 


Your enquiries are invited. 


RUDGE LITTLEY LTD. 


Swan Village West Bromwich 
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ANDERSON ROTHERS & EWBOULD 


FFIE 


METALLURGIA 


A new principle of speed 
reduction. 


Compact, noiseless, high 
efficiency. 


For ratios from 20-l up to 
a million to one 


Gears of 1/16 h.p. to 75 h.p. 


Straight line, right angle, 
vertical, or offset drives 


Built-in Conveyer Gears a 
speciality 


The services of a technical 
engineer are at the disposal 
of prospective users. 
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(PARKSON] 


ASSOCIATED BRITISH MACHIN 
17 Grosvenor Gardens, LIMITED. 


The A BMT M group of machine tool makers 
covers the whole field of machine-tool building, 
giving the engineer at home and abroad a 
unique manufacturing and sales service. 

Apart from the main specialities of the Asso- 
ciated firms, customers have the advantages of 
the pooled research, the accumulated experience 
and the entire technical resources of the whole 
group. 

The abundant advantages thus provided by 
group co-operation will be obvious. The 
after-sales service is of a kind beyond the scope A 


of the single manufacturer. 


For further particulars write to: 


17, GROSVENOR GARDENS 
LONDON S.W.1 
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PRODUC 


In pure aluminium and its alloys to all specifications 
including “ Alclad” and other corrosion resisting alloy 
sheets. Circles for holloware. 


Pure aluminium and strong alloys in a large variety 
of sections. 


““LO-EX” Alloy piston castings as used by prominent 
car manufacturers and makers of petrol driven and 
diesel engines. Range of high strength heat treated 
alloys for all grades of commercial work. “Y" alloy 
piston castings. 


High grade aircraft and commercial forgings including 
propeller blades and upset pistons for diesel and 
petrol engines. 


Produced by patented process. The best pigment for 
aluminium paint and printing ink. 


SHEET ALUMINIUM 
4 
4 
FORGINGS | 
7 
4 
PASTE FOR PAINT ; 
BSH HOUSE, ALDWYGH, LONDO 
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KASENIT NEW TYPE GAS 
FIRED FURNACE FOR 
HIGH SPEED STEEL 


Temperature of lower chamber 
1400° C, 


Temperature of top chamber 
1000° C, 


Easily maintained by one burner. 


— Air pressure required, 10 in. water gauge. 


Full details from the Manufacturers 


. 7 Holyrood St., London S.E. 1 


The largest makers of heat-treatment compounds in Europe. 


When 


METALS are discussed, 


whether Ferrous or Non- 
Ferrous, Executives refer to 


“METALLURGIA’” 


"THE editorial responsible for METALLURGIA offers only the 

best, and this prestige is retained by publishing views con- 
tributed by world-wide authorities on every aspect of ferrous 
and non-ferrous metallurgy. 


The quality of the literary pages of METALLURGIA demands 
attention, therefore METALLURGIA is outstanding as an 
Advertising Medium for the industry it claims to represent. 


Make use of the advantages it offers, and its subscribers at home 
and overseas, which include a wide audience of responsible 
executives, will familiarise themselves with your products. 


Published on the \6th of every month by 


THE KENNEDY PRESS LTD., 21, Albion Street, Gaythorn, 
Telephone : Central 0098 MANCHESTER Telegrams : Kenpred, Manchester 
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Wellman Continuous Pipe Annealing Furnace supplied 
to The Staveley Coal and Iron Co. Ltd., for producing 
Super Annealed Spun Pipes. It has a special system of fir- 
ing and is supplied with gas from a Wellman Galusha 
Producer. Perfect atmospheric conditions are main- 
tained in the Furnace and the temperature is controlled 
over the entire length and width within 5°C. 


We de:ign and construct Heat-treatment Plant for special purposes. 


Advertisement of the Wellman, Smith Owen Engineering Corporation Ltd., Victoria Station House, London, $.W.|. Phone : Victoria 7752 and Darlaston 87 
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Sand cast diesel cylinder 
head in R.R. 50 — by 
courtesy of Messrs. High 
Duty All.ys Ltd 


for cylinder head castings 


The thermal efficiency of Aluminium being three 
times that of iron, cylinder heads cast in aluminium 
keep cooler and heat more evenly, and so avoid 
the main causes of pre-ignition. The higher com- 
pression ratio thus made possible enables an 
increase in efficiency of at least 10¢ to be obtained 
in petrol engines of the types most commonly used 
by British motor manufacturers, and a much 
higher percentage in larger engines. Another 
advantage of aluminium cylinder heads is the 
reduction of total weight. 

Write to us for information on the use of 
aluminium as a casting metal. 


“Bush 


LONOON, At 
INGOT + FOUNDRY 


TEMPLE BAR 8844 (10 lines) 


HIGH PURITY 


DeEcEMBER, 1937 
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The British Journal of Metals 


(INcornPORATING THE METALLURGICAL ENGINEER.) 


* The source of all matter extracted from this Journal * 


must be duly acknowledged ; 


it is copyright. 


Contributions suitable for the editorial pages are invited. Photographs 


and drawings suitable for reproduction are welcome. 


Contributions 


are paid for at the usual rates. 
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Modern Heat-treatment Furnaces .. .. 35-38 

Modern industrial technique demands a 
lower permissible degree of tolerance in 
industrial operations and, as heat-treatment 
is a vital operation, this modern tendency 
has caused developments in design of heat- 
treatment furnaces and equipment. Some 
recent installations are described, 
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Refining Steel in the High- thoquenay 
Furnace. By Victor Stobie, M.I.E.E. 
A development of great importance is dis- 
cussed which experience has shown gives a 
new degree of accuracy in refining a melt to 
requirements, with increased ease and com- 
mercial advantage. A description of the 
development is given. 

Cartellisation in the World Aluminium 
Industry. By Robert J. —_— 
D.Se. 45-47 
This article is an introduction ‘to a series of 
articles which will review the cartel move- 
ment in the world aluminium industry from 
the time of the first international agreement 
in 1901 to date. 


The Nitrogen Hardening of Cast Iron. 
By J. E. Hurst 
The Copper Industry in 1937 : A Survey 
of Progress in the Development and 
Use of New Materials. By H. J. 
Miller, M.Sc. . 49-52 
Great activity has been devoted during the 
past year to the development of new or 
improved copper alloys, while recent investi- 
gations have increased our knowledge of the 
more common copper alloys. The continued 
progress of copper and its alloys is reviewed 
in this article. 
Developments and Applications of Acid- 
and Heat-Resisting Steels. By Dr. 
W. H. Hatfield, F.R.S. 53-55 
Corrosion- and heat-resisting steels have 
developed rapidly in recent years, and in this 
article the growing field of application of 
these steels is discussed, reference being made 
to a steel specially adapted for turbine 
blading. 
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Modern Developments 
Steels. By J. A. Jones, 
F.Inst.P. 
Development has ante with mild 
structural steels with the object of obtaining 
improved properties without heat-treatment, 
and in which cheaper alloy elements are used. 
It is this field of development which is 
discussed, 
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causes and to suggest means for reducing the 
number of defects. 
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as cast iron. In this article modern views on 
this material are discussed. 
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THE ideal refractory for a given purpose 

is one which has been developed to 
meet the conditions, and our special STEIN 
LADLE firebrick has fully justified its claim 
to give reliable and economic service in 
stee. works. ““NETILE"’ brand (42/44% 
alumina) also has proved economical for 
lining hot metal transfer ladles. 


JOHN 
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BRONZE 


The hardness of the Crotorite 1V Alloy can 
be increased by suitable Heat Treatment, to 
resist abrasion in service. 


THE MANGANESE BRONZE 2 BRASS CO, LTD, 


HANDFORD WORKS, IPSWICH 


TELEPHONE: IPSWICH 2127. 


TELEGRAMS: “BRONZE, IPSWICH” 
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Modern Heat-Treatment Furnaces 


Modern industrial technique demands a lower permissible degree of tolerance in industrial 

operations, and as heat-treatment is a vital operation, this modern tendency has caused develop- 

ments in the design of heat-treatment furnaces and equipment. In this article some recent 
furnace installations are described. 


NCREASING accuracy demanded by modern 
industrial technique is responsible for a con- 
tinuous lowering of the permissible degree of 

tolerance in industrial operations, and, since heat- 
treatment has such an important influence on the 
properties of metals, it is not surprising that 
furnace manufacturers have concentrated on the 
solution of problems likely to ensure greater 
accuracy in heat-treatment operations. It is 
recognised that changes brought about by heat- 
treatment frequently affect the constitution of the 
metal by altering the nature, form, size, and even 
the actual distribution of the components of the 
metal structure, and since the tolerance in treat- 
ment to obtain particular properties is often very 
narrow, the operation is of vital importance. So 
great is the progress in the design and construction 
of modern heat-treatment furnaces and_ their 
equipment, to meet these conditions, that they 
may be regarded as precision tools, but, like all 
tools of this character, they should be operated by 
competent men in order that the improvements 
incorporated in furnaces of modern design can be 
used to advantage. 

Amongst recent developments, that of treatment 


in a controlled atmosphere is by far the most Fig. 
important, and remarkable results are being forced atmosphere circulating 
furnace for bright tempering. 


achieved in normal regular practice in which 
material or components retain theirbright finish after 
treatment. Generally, the furnaces designed for this treat- 
ment may be grouped into two main types ; those dealing 
with components in batches and those in which the material 
is handled continuously. In addition to these furnaces 
which maintain a bright finish, recent years have seen great 
progress in the design and application of salt-bath furnaces 
for heat-treatment, the uniform rate of heating and the 
accuracy with which the heat can be maintained in the bath 
have proved advantageous for a wide range of work in 
different metals and alloys. Apart from these, developments 
have been made in methods for mechanical handling of com- 
ponents and material of special type to facilitate production, 
and some recent heat-treatment furnace installations will 
be of interest. 

A modification of the Wild-Barfield vertical forced-air 
circulation furnaces has resulted in suitable equipment 
for bright tempering, and several furnaces of this kind have 
been installed. The furnace, shown in Fig. 1, has a gas- 
tight retort with a removable door fitted with special seals. 
The circulation fan, the heating elements, and the charge 
to be treated are all inside the retort. To prevent any 
oxidation of the steel, a protective atmosphere of cracked 
ammonia is employed. As this atmosphere must be main- 
tained in contact with the charge until the latter is 
sufficiently cool not to oxidise, arrangements are made to 
blow air between the retort and the furnace insulation, in 


Fig. 2.—Electrode salt 
bath for hardening high 
speed steel. 


1.—Wild-Barfield vertical 


order to accelerate the cooling of the charge. Employing 
this method of treatment, it is possible to heat-treat drills 
and other articles after the final grinding operations have 
been carried out. 

An interesting installation is that at the Dagenham 
factory of the Ford Motor Co., which comprises six 
hardening and one tempering furnace for the heat-treatment 
of automobile springs. Four of the hardening furnaces 
are each capable of an output of 2,370 spring leaves per 
16-hour day, while each of the two other hardening 
furnaces can deal with 2,580 leaves per 16-hour day. In 
each furnace the leaves are carried on roller chains, which 
are completely enclosed in the case of the furnace. The 
burner equipment is of the automatic proportioning single 
valve control type, using air under pressure, with gas at 
low pressure. Each furnace is divided into two zones—a 
heating zone and a soaking zone,—and each zone is auto- 
matically controlled with regard to temperature by means 
of a two-point potentiometer-type controller. 

The tempering furnace is heated by means of circulated 
hot air. It is fitted with two electrically driven fans, which 
are located on top of the furnace. Immediately on the 
outlet of each of these fans is a direct-gas-fired heater, 
wherein the air is reheated before again passing into the 
furnace. One fan supplies hot air to the heating zone, 
and the other to the soaking zone, and the temperature of 
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Fig. 3..-General view of heat-treatment and carburising 
furnace installation at the works of the Austin Motor 
Co. Ltd. 


each heater is automatically controlled. This furnace is 
capable of an output of 9,500 leaves per day of 16 hours, 
and the gas consumption for this duty amounts to about 
2,000 cub. ft. per hour. The furnaces in this installation, 
were designed and constructed by British Furnaces, Ltd., 
in collaboration with the engineering staff of the Ford 
Motor Co., Ltd. 

A type of furnace which is being used increasingly for 
hardening high-speed steels is the electrode salt-bath. 
Fig. 2 shows a typical equipment. Special iron electrodes 
in the bath serve to conduct current into the salt, by the 
passage of which the necessary heat is generated. These 
electrodes are supplied at low voltage from the secondary 
winding of a tapped-transformer fitted with a tap-changing 
switch. By this means it is possible to compensate for the 
varying electrical resistance of the salt at different tempera- 
tures and also to control the temperature. Indication of 
the salt temperature is obtained by a radiation type 
pyrometer, the receiving tube of which can be seen on the 
furnace hood which serves to remove the salt fumes. With 
this type of furnace it is possible to obtain absolutely clean 
work after hardening, and even a comparatively small 
size of bath is capable of a very high output of work, due 
to the rapid transference of heat by the molten salt. 

Molten salt baths have many advantages over heat- 
treatment furnaces, mainly (a) rapid transfer of heat ; (b) 
temperature uniformity ; (c) prevention of sealing, etc. ; 
(d) elimination of oxidation upon removal from the baths. 
Much research work has been carried out in order to reduce 
working costs to a minimum, and to utilise as large a pot 
size as possible. Difficulties experienced with pots have 
been overcome in the Ajax Hultgren electric salt-bath 
(Fig. 3) manufactured in this country by the Electric 
Resistance Furnace Co. 

In this case, also, heating is brought about by the passage 
of electric current between a pair or pairs of electrodes 
immersed in molten salt contained in a heat-resisting pot. 
The salt is uniformly heated owing to internal automatic 
stirring brought about by electro-magnetic forces set up 
by the A.C. current. The electrodes are located at the side 
of the bath, so no part of the work can be overheated by 
the direct passage of current through it. 

As heating is brought about directly in the salt, the 
outsides of the pot walls are at a lower temperature than 
the salt, so that no heat lag occurs. Automatic temperature 
control instruments ensure that rigid conditions of tempera- 
ture are adhered to. The efficient heat insulation and 
absence of obnoxious fumes make working conditions more 
congenial than in many types of salt-bath, while the amount 
of labour involved in its operation is less. 

The pot is usually rectangular in shape, made of welded 
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Fig. 4.__A view of the heat-treatment furnace installation 


at the Austin Motor Co. Ltd. The left-hand furnace 
is being loaded with camshafts. 


plate, and over it is a rolling cover which may be pushed 
back out of the way when charging or discharging. A 
step-down transformer at the rear of the furnace reduces 
the voltage down to a suitable figure. Temperature control 
is brought about by means of a thermocouple immersed 
in the bath connected to an automatic control instrument. 

By suitable choice of salt and heat-treating temperature, 
most of the usual heat-treatments may be carried out in this 
salt bath. The following operations give some indication 
of its field of usefulness : Cyanide hardening, liquid car- 
burising, preheating, high-speed steel hardening, ferrous 
and non-ferrous wire and strip annealing, silver and gold 
annealing, tempering, etc. One firm of manufacturers 
who have installed an electric salt-bath for hardening gears 
have found that hardness figures are very uniform from this 
type of bath. 

A new design of salt-bath furnace suitable for gas or oil 
fuel, fitted with the latest type of burner, is built by 
Kasenit, Ltd., and several installations now in operation 
are giving excellent results. Two of these furnaces are 
shown in Figs. 5 and 6. The former is a cyanide furnace 
installation, which has been installed in five of the leading 
aircraft companies during the last twelve months, while the 
latter is a twin-chambered furnace, 15 in. diameter by 36 in. 
deep, which has been installed for the carburising of 
vamshafts at one of the large motor manufacturing works. 

Many of the motor-car manufacturers have been giving 
very close attention to their heat-treatment plant, and 
particular attention is directed to the heat-treatment shop 
for the hardening of camshafts which has been recently 


Fig. 5.—-Cyanide furnace by Kasenit Ltd., many of which 
have been installed in the past year. 
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erected at the works of the Austin Motor 
Co., Ltd. The layout of the shop and the 
unique arrangement of the furnaces is 
shown in Figs. 3 and 4. 

The plant consists of five “ Cassel ” 
furnaces, each having a pot 15in. in 
diameter < 36in. deep. Two other fur- 
naces of the same make, one [5in. x 
36 in., and the other 15in. x 30/in., to- 
gether with six furnaces of other makes, 
but of similar pot size, are in use in other 
parts of the works. The furnaces are in- 
stalled in pairs, back to back, in pits about 
2 ft. deep, so that the tops of the pots are 
at a convenient working height. Two 
furnaces are used for carburising the 
shafts, and two for their heat-treatment, 
the fifth being reserved as a spare. The 
furnaces are fired by town’s gas, and each 
has its own electrically driven fan. There 
are three burners to each furnace. The 
furnaces are controlled by hand, the 
controls being conveniently grouped at the 
edge of the pits. Recording pyrometers 
are now fitted to all furnaces. 

Close to each carburising furnace is a 
preheater and a cooling chamber—the 
former to ensure that the work is dry 
when charged, so as to minimise distortion 
and to reduce fuel required for heating 
parts to temperature. The cooling chamber 
serves to prevent any oxidation of the 
shafts during cooling, and when the 
salt film has drained off. For use with 
the hardening furnaces, the cooling cham- 
ber is replaced by a water-quenching tank, 
the water supply for which is circulated 
by a pump in the basement below the furnaces. A large 
tank and cooler is also included in the system. 

Handling is carried out by an overhead chain conveyer 
which runs the length of the shop. The cooling and pre- 
heating chambers of each furnace and the pot itself all lie 
on the radius of a jib crane which is supported by the roof 
stanchions. 

The bright-brazing of articles is now widely carried out 
either in continuous or semi-continuous electric furnaces. 
One semi-continuous type by Wild-Barfield Electric Fur- 
naces, Ltd., recently installed for the brazing of immersion 
heaters, consists of four removable heated bells which are 
supported on a structure which can be both lifted and 
rotated. Eight insulated bases covered by retorts are also 
provided, under which the articles to be brazed are placed. 
Four of the retorts are heated, whilst four cool down and 


Fig. 6.—Twin-chambered furnace by Kasenit Ltd., 
installed for carburising camshafts. 
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Fig. 7..-The Ajax Hultgren salt bath, manufactured in this country by the 
Electric Resistance Furnace Co. 


are reloaded with the next charge. To prevent oxidation 
of the work and to assist the flow of the brazing metal, 
a protective atmosphere of cracked ammonia is used. 

Of more than usual interest is a battery of Lee Wilson 
type sheet annealing furnaces, recently constructed by 
Incandescent Heat Co., Ltd., and installed as part of the 
new steelworks scheme at Ebbw Vale. These furnaces 
are of the lift-out type, and twenty-five have been con- 
structed. Fig. 8 shows a few of the furnaces in the installa- 
tion. 

Another installation of considerable interest is that 
shown in Fig. 9. It is a patent Incandescent bogie type 
furnace specially designed and constructed for annealing 
boiler drums. This furnace is fired by fuel oil, and is 
provided with atmosphere recirculating fans to provide a 
high degree of turbulence. The illustration gives some 
idea of the size of this installation, which is 64 ft. in length, 
14 ft. 6in. wide, and 14 ft. 6 in. high. 


Fig. 8.—A battery of Lee Wilson type sheet annealing 
furnaces. 
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Fig. 9.—Patent Incandescent bogie type furnace 
for the annealing of boiler drums. 


For the treatment of ferrous materials Birmingham 
Electric Furnaces Ltd., continue to deveiop new furnaces 
the most interesting of which are the mechanised type. 
This company has completed an installation of three very 
large continuous, pusher type furnaces for the heat-treat- 
ment of copper silicon alloys, details of which we hope to 
present in a later issue. 


Expansion Alloys 


ARRANGEMENTS have heen made with the H. A. Wilson Co., 
of Newark, New Jersey, by which Henry Wiggin and (o., 
Ltd., are enabled to manufacture the complete range of 
thermometals at their Birmingham works. These thermo- 
static bi-metal products are known collectively as Wilco- 
Wiggin Thermometal, and are offered at prices com- 
petitive with those of imported metals. This range of 
fourteen expansion alloys and thermostatic bi-metals 
should enable an entirely satisfactory choice of material 
to be made for all instruments and other applications 
necessitating controlled expansion. 

The majority of the expansion materials commercially 
available are alloys of iron and nickel. Those of Messrs. 
Henry Wiggin and Co., Ltd., contain 36, 42, or 48°, nickel, 
and a nickel-iron alloy forms the low expansion member 
in the case of the thermostatic bi-metals. A folder recently 
issued by Messrs. Henry Wiggin and Co., Ltd., describes 
the dilatational properties of these expansion alloys now 
manufactured by this company. It also indicates the main 
characteristics of the fourteen products, and states that in 
choosing the correct metal for a given service the first 
consideration is the operating temperature at which the 
metal will function. If below 150°C. and price is an 
important factor, Standard metal can be used, but pre- 
ference is usually given to the so-called “ all-steel ’’ com- 
bination, of which Highflex, Midflex, and Highheat are 
typical examples. These metals each consist of two nickel- 
iron or nickel-chromium-iron alloys having different 
expansion characteristics. 

The curves given in a data book, a copy of which will! be 
sent on application, show clearly the importance of relating 
the choice of a metal to the operating temperature range. 
For electrica! work it is often necessary to use a thermometal 
with a specified electrical resistance ; there is a metal with 
almost any desired resistivity, giving a wide choice when 
designing electrical cut-outs. 

The Wilco-Wiggin thermometal is available in the form 
of strip jin. to 6in. wide (according to type), and in 
thicknesses varying from 0-O08in. to 0-250in. Full 
information regarding these alloys is available from Messrs. 
Henry Wiggin and Co., Ltd., Thames House, Millbank, 
S.W. 1. 
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Metal Spraying 
made in the 


ONSIDERABLE sirides have been 
applicacsion of metal spraying. Technically, the 


process does not present many difficulties, but its 
possibilities are greatly increased by careful attention to 
details—for instance, the preparation of the surface and 
careful selection of metal for the job are vital requirements 
to success. The presence of grease is decidedly detrimental 
and extreme care should be tak>n to keep the work clean 
and free from even finger-marks after sand-blasting. 
Should any grease or similar spots be seen, they should 
be cleaned off with ether. 

Unskilled and uninstructed labour, according to Gibbons,* 
has retarded the adoption of metal-spraying until recent 
years. Often the operator is a man trained to operate 
under supervision, and one who is not interested in the 
“reason why” of the process. For instance, he may not be 
concerned whether the particles emerging from the gun 
are streamlined or round or flat, being satisfied so long 
as the flame looks right and the metal is being deposited. 

Cases are known where large quantities of metal had to be 
deposited at a high-melting temperature, and although the 
surface would look good, there might be found burned 
metal under the top layer, showing that the operator had 
held his gun too close or had directed the stream too long 
on one spot. To cover his mistake, he had thea sprayed 
a coat of metal on top of the burnt portion ; a thing that 
would be difficult to detect in inspection, but which would 
become evident sooner or later in service. It has been 
stated that, of inferior work which has caused adverse 
criticism in past years, 75% was due .o wrong surfacing, 
and the remaining 25% to wrong metals and wrong 
application. 

The saving that can be accomplished by metal spraying 
is more than a matter of pounds, shillings, and pence. 
The method has been applied successfully to piston rods, 
crankshafts, pump casings, valve stems, governor spindles, 
and particularly to sheet metal surfaces in all classes of 
industry. Not only can worn parts be built up in certain 
cases, but the twin enemies of corrosion and erosion can 
be countered. 

The waste and destruction of metals used in different 
processes is a big one to-day, and metals that are capable 
of withstanding wear and corrosion are costly ; but the 
metal spray method enables a much cheaper metal to be 
used as a base, and this can thea be coated with a non- 
corrosive or wear-resistant metal at very much less cost. 

Whilst it is not perhaps economic for the maintenance 
engineer of a small works to install a spraying outfit, it 
certainly should repay the larger concerns ; and there are 
specialist firms who can undertake such work at reasonable 
charges—opening an avenue to economy in cost and 
reduction of plant stoppage periods. 


Radium Production in Canada 


PrRopbUCTION at the Great Bear Lake property of Eldorado 
Gold Mines, Ltd., reached a record total in October, when 
48 tons of concentrates were stored. The full benefit of the 
new mill equipment, however, has not yet made itself felt ; 
the objective set is expected to be reached in December. 
On the El Bonanza property the shaft has reached a depth 
of 25 ft., and work there will be pushed, when additional 
equipment comes in on the first planes after the freeze-up 
period. 

Construction is being continued at Port Hope, and the 
management states that by December | production will be 
resumed at former rate. By February | the new capacity 
will be fully in effect. Meanwhile, concentrates are being 
roasted and raw material prepared for the process. The 
new power plant is rapidly nearing completion, and two 
reverberatory furnaces are being built, as well as a new 


* J. W. Gibbons, Mech. Eng. 59, 12, pp 896. 
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Metal Progress 


ROGRESS in its widest sense may be regarded as a 
P forward movement towards a more civilised con- 

dition, and it may be said that the most. civilised 
country will be that in which will be found the greatest 
proportionate number of happy, healthy, wise, and peaceful 
citizens. Whether civilisation, judged by this standard, has 
ever been high is more than doubtful, certain it is that if 
we attempt to apply this meaning to world progress during 
the present year we are forced to admit that there has been 
no progress. The world seems to be groaning under 
difficulties which should be easy of solution were it not for 
suspicion, greed, and impatience, 


ferrous metal field, coupled with the very active state of 
industry, justifies the claim that the past year has been one 
of progress. 

With the ever-increasing severity of service conditions, 
the provision of materials suitable for exacting plant 
requirements is of vital importance, but no sooner is some 
degree of satisfaction attained than service conditions 
are made more severe, necessitating persistent work 
towards improvement. Considerable activity during the 
year hes been devoted to the development of improved 
copper alloys; a very complete review of these developments, 
by Mr. H. J. Miller, is given elsewhere in this issue, and 
Mr. F. Hudson deals with high-duty brasses and bronzes 

available to the engineer, particular 


which seem to predominate almost 
everywhere. 

These are retarding forces which 
hinder and clog the wheels of pro- 
gress. They lead to war and, whether 
this is international or within the 
boundaries of nations, it is the most 
disastrous force of all. As long as 
large portions of the world’s surface 
are so disturbed that the products 
of the soil and the mines cannot be 
developed or utilised, when the 
energy of man is wasted on destruc- 
tion, and no ideal aim inspires his 
mind, in such conditions industrial 
progress is diverted into artificial 
channels and the supply of raw 
material and man power lessened so 


ment 


contain a 


review of 


In the February issue it is 
proposed to publish a Suppie- 
presenting a World 
Review of the Aluminium 
Industry. This issue will also 

comprehensive 
the outstanding 
exhibits at the British Indus- 


tries Fair. 


attention being directed to the 
valuable data on copper alloys incor- 
porated in this latter article. 

One of the most striking of the 
progress trends of the year is the 
increasing applications of the light 
metals. While development activity 
in the light metals field has been 
directed to the improvement of 
existing alloys with a view to 
improving their properties, consider- 
able interest is being taken in a 
French process for the manufacture 
of aluminium, which is claimed to 
produce regularly 99-99%, purity. 
Amongst many improvements in 
aluminium alloys, mention may be 


seriously as to affect the world. 

Here, however, while we are concerned about progress 
in its widest sense and with the industrial progress of the 
world, because nations live, not in isolation, but side by 
side in ever-growing economic. social, political and spiritual 
intercourse, and thus create conflicts of interest between 
their inhabitants, we desire to direct attention to metal 
progress. In this field it can be said without doubt that the 
year has witnessed great progress. The knowledge of metals 
is increasing, and knowledge once gained remains a per- 
manent possession. One year may be more successful than 
another in adding to the store or in making full use of that 
which exists, but the totality of knowledge is ever on the 
increase. 

Progress during the year has not been concerned so 
much with the discovery of new metals or new combinations 
of metals, but with the development and application of 
existing metals and alloys. The range of both ferrous and 
non-ferrous materials available to the engineer is increasing 
at a rate which may well be alarming to the engineer 
seeking the most suitable material for a particular purpose. 
Thus, for instance, steels of up to 150 tons per sq. in. tensile 
strength are available, just as are soft steels for deep 
pressing and stamping ; corrosion- and heat-resisting steels ; 
steels having high and low coefficients of expansion ; steel 
magnetic and non-magnetic ; steels having a tough and 
ductile core surrounded by a case harder than glass; all 
derived from the basic metal—iron. An almost similar 
range is available in cast iron, while recent investigations 
indicate that malleable cast iron may be rolled or forged 
in circumstances which make for economical production. 
Continuous development in various directions in the 


The Editor takes this opportunity of extending Christmas Greetings to all Readers 


made of an alloy recently developed 
which, solution treated and artificially aged, has an ultimate 
tensile strength of 33-38 tons per sq. in. With a specific 
gravity of 2-80, this development is of great importance 
when high-strength weight ratio is a vital factor. Recent 
research has also resulted in improvements in magnesium 
alloys and alloys are now available which, in the heat- 
treated condition, have an ultimate tensile strength of 
23 tons per sq. in. Here, again, the high-strength weight 
ratio will be appreciated when it is realised that the specific 
gravity of this metal is 1-8. The progress in the production 
of magnesium alloys, especially in this country, has been 
of a phenomenal character. 

The exacting specifications laid down by engineers for 
materials of construction have caused developments in the 
technique of refining and purifying metals. Among the 
factors which have come under review are turnace design, 
melting practice, fuel and atmosphere control, and the 
properties and reactions of slags. One process evolved 
in this connection is that in which sodium carbonate is used 
in the blast-furnace in the manufacture of pig iron under 
conditions which give the maximum rate of production 
with low coke consumption. Another development of great 
importance—that dealing with the refining of steel in the 
high-frequency furnace—is described in this issue by Mr. 
Victor Stobie. 

Increasing demands for materials possessing reliable 
properties have also concentrated attention on the heat- 
treatment of materials and components with the object 
of reducing the amount of permissible tolerances in an 
effort to achieve uniformity. In some instances, particularly 
in the heat-treatment of light alloys, slight differences in 
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the temperatures used have a very considerable effect on 
the resultant properties of the material treated, and the 
question of temperature control becomes of great import- 
ance. In the design of heat-treatment furnaces and their 
equipment much progress has been made, and this is true 
of gas and fuel-fired furnaces as well as those which are 
electrically heated. One of the most important improve- 
ments is that of atmosphere control, and the results now 
achieved in practice are remarkable. 

In many respects the year has been a progressive one 
for those engaged in the fields covered by this journal, 
and it is hoped the difficulties which are operating against 
a solution to world problems will soon be dispersed, to 
make way for a brighter future. 


The Future of Iron, Steel, and Coal Profits 


Ir seems likely that dividends in iron, coal and steel shares 
will be maintained, and even increased, in the future. 
These shares should give a higher yield than what are known 
as “ gilt-edged ” industrials, the present difference being 
about £1 Is. ©. There has been a general fall in security 
prices, and the rate of profit-earning has shown a sub- 
stantial upward trend in the year ended June 30, and yet 
again in the September quarter. Whilst the yield from 
Consols in a year has risen from £2 19s. 2d. to £3 6s. 5d. °, 
the increase in yield on iron and steel shares in the same 
year has been from £2 I4s. 11d. to £5 1s. 2d. °4, and on 
coal shares from £4 5s. 5d. to £5 17s. 6d. 

Whether current dividends represent a high mark, or can 
be improved upon depends upon several factors. Certainly, 
railway freights have been raised; the increase in the 
price of coal helps coal shares, but reacts against those of 
iron and steel ; wages will and should rise ; the rearmament 
programme may be finished in four years, and may decline 
gradually towards the end of that period. But these 
adverse features were known a year ago, and the extension 
of the rearmament programme is evidence in favour of 
future activity in the iron and steel trades. 

The other side of the picture reveals a rising tendency 
in the profits of coal, iron, and steel companies ; and a very 
welcome feature in that rising costs have been offset by 
improved management, larger turnover, and plant and 
equipment improvement. Also, a policy of cautious dis- 
tribution has been adopted by the boards of control of the 
finances of those companies. 

Yet another aspect on the brighter side is that the general 
recovery in the Special Areas has been largely independent 
of the rearmament programme, so that industry will not be 
seriously affected by the cessation of armament work, 
but will certainly be able to catch up with those many 
tasks in the domestic field that have been suspended by that 
armament work, these tasks including road-making and 
improvements, railway electrification, rural water supply 
developments, and railway re-equipment. The Great 
Western Railway Co., for instance, is postponing work 
involving several million pounds until the pressure of 
rearmament has eased or ceased. 

A considerable stimulus to international trade can also 
be expected, as is instanced by the anticipated Anglo- 
American trade agreement and the U.S. house-building 
programme, which it is estimated will call for an expendi- 
ture of £3,000,000,000 or more in a five-year period, of 
which approximately one-quarter to a third will be paid 
to the primary producers. 


Thomas Turner Gold Medal 


Dr. H. W. Brownspon, Research Manager of I.C.1. Metals, 
Ltd., has been awarded the Thomas Turner Gold Medal of 
the University of Birmingham for distinguished service to 
metallurgy. The presentation will be made by the Vice- 
Chancellor of the University on February 8, 1938, at the 
University. 
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Forthcoming Meetings 
INSTITUTE OF METALS. 
BIRMINGHAM SECTION. 
Jan. 6. “The Relationship between Mechanical Properties 
and Liability to Breakdown in Service,’ by 
L. W. Schuster, M.A. 
ScoTrisH SECTION. 
Jan. 10. “Lead: Its Industrial Uses and Mechanical 
Properties,” by J. C. Chaston, B.Sc. 
INSTITUTE OF BRITISH FOUNDRYMEN. 
LANCASHIRE BRANCH. 
Jan. 8. “ Patterns and their Relation to Foundry Problems,” 
by 8. A. Horton. 
BURNLEY SECTION. 
Jan. 11. A Non-ferrous Subject, presented by A. Jackson. 
LONDON BRANCH. 
Jan. 5. Joint Meeting with the Institute of Vitreous 
Enamellers. ‘‘ Australian Foundry Practices, with 
Special Reference to Vitreous Enamelling,”’ by 
W. Thomas. 
MIDDLESBROUGH BRANCH. 
Jan. 14. “ Foundry Drying,” by W. H. Smith. 
ScorrisH BRANCH. 
Jan. 15. “ Some Aspects of Heavy Castings,” by E. Longden. 
SHEFFIELD BRANCH. 
Jan. 6. “ Time and Motion Studies in the Foundry,” by 
Cc. D. Pollard. 
WaALEs AND MonmoutH BRANCH. 
Jan. 8. ‘“‘Some Practical Considerations for Moulders,” by 
J. Pattison (at Cardiff). 
BristToLt SEcTION. 
Jan. 15. “ Cupola Practice,” by 8S. E. Dawson, F.L.C. 
West RipiInc OF YORKSHIRE. 
Jan. 8. Annual Dinner and Dance. 


The Transatlantic Liner of the Future 


A FUNNELLESS stream-lined glass-enclosed turreted* ship 
is the vessel of the future which will cross the Atlantic 
from termina! to terminal in 84 hours. She will have a total 
of about 400,000 s.h.p. on six serews, each driven by 
enormous electric motors, and taking their current from 
six huge turbo-electric motors, and yet all of this machinery 
can be accommodated in a space less than that required 
for the machinery of the much smaller existing Trans- 
atlantic mammoths Queen Mary and Normandie. The new 
giant, which is forecast by Messrs. A. C. Hardy and Pierre de 
Malglaive in a paper which they read recently before the 
Institute of Marine Engineers, is no less than 1,350 ft. in 
length—i.e., some 300 ft. longer than the Normandie. Its 
appearance, as will be seen, although very striking, is really 
a logical development from that of existing ships, maximum 
advantage being taken of everything that is known in 
stream-lining, much that is common to aircraft design, 
and all that is known at present in the way of glass struc- 
tures. For this ship is a kind of speed-boat ; she is totally 
enclosed, air-conditioned, and passengers desiring to play 
games on her top decks will no longer be buffeted by the 
winds or annoyed by smoke and funnel gases. Immense 
glass screens will cover in all this part, and the temperature 
will be regulated to a pleasant mean whatever the weather 
conditions outside. In putting forward their theories the 
authors are looking to the future—not necessarily the 
immediate future,—and they have built up their ideas 
not as a jump in the dark but as a logical development from 
what is possible at present, taking into consideration the 
trend of machinery design and_ the potential requirements 
ot passengers. Gone are the days, they suggest, when the 
Transatlantic traveller, be he business man, film star or 
tourist, will want to amble across in seven days ; it is not 
in line with modern thought that he or she should do so. 

The mammoth of the future should not, however, be 
confused with sybaritic luxury. It is more than likely 
that simple, tasteful decoration, and attractive yet not 
overdone cabins will be the concomitant of these somewhat 
startling developments which the authors have foretold. 
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Refining Steel in the High-frequency 
Furnace By Victor Stobie, M.I.E.E. 


Past President, Institute British Foundrymen. 


A development of great importance was discussed by Mr. Stobie, in a recent paper before the 
Glasgow Branch of the Institute of British Foundrymen, which is claimed to remove the 
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main obstacle which has prevented the high-frequency furnace being used for refining the melt. 
Experience has shown that this development gives a new degree of accuracy in refining 
a melt to requirements, with increased ease and commercial advantage. A description 


has attracted much attention during recent years, 

but their utility has been confined to plain melting, 
which has necessitated the charges being of the purest raw 
materials and has placed the plant at a disadvantage in 
comparison with refining furnaces. This obstacle to their 
fuller employment has long been recognised, and many 
investigations have been made with a view to increasing 
their scope of usefulness. 

Some interesting experimental work on refining in the 
high-frequency furnace has been carried out by research 
associations and industrial concerns abroad in the last 
few years, mainly in Germany and Sweden. These efforts 
have shown the impossibility of refining in the ordinary 
type of high-frequency furnace with commercial success, 
because the crucibles cannot withstand the attack of the 
refining slags. Many types of steelworks refractory were 
tried during the experiments. Some of the workers 
endeavoured to obtain better results by changing the 
periodicity of the electricity supplied to the furnaces, but 
nothing useful was achieved. 

By modifying the design of the furnace, the main 
obstacle has now been removed and the melt can be 
refined. On reviewing the characteristics of the ordinary 
high-frequency furnace, Mr. Stobie noted the following :— 

(a) The surface of the molten metal, and therefore the 
slag-line, is below the level of the inductor coil—that is to 
say, it is within the heating zone of the furnace. Almost 
the whole heating of the charge of steel takes place, when 
once the metal is molten, in the thin circumferential layer 


T is use of high-frequency furnaces for melting metals 


of the development as presented in the paper is given in this article. 


Note the slag, indicated by the black portion, at surface of metal 


of steel which lies against the crucible wall. That steel! 
which touches the crucible and, consequently, the crucible 
surface itself, are hotter than the average temperature of 
the charge. The super-heated surface of the crucible at 
the slag-line in the ordinary high-frequency furnace is, 
therefore, initially handicapped in resistance to the 
slags. 

(6) The thickness of the crucible wall at the slag-line 
in the ordinary high-frequency furnace cannot be made 
greater than some two or three inches, for known electrical 
reasons. Also, these walls are vertical, and cannot be re- 
paired between heats, as suitable repair material will not 
stick to them. 

(c) The very strong surface turbulence of the metal in the 
ordinary furnace, if refining is attempted in it, causes 
the powerfully active slags to erode the crucible, which 
extends the chemical destruction of its wall. Contrary to 
frequent supposition, strong electrical turbulence of the 
metal is not required, nor even desirable, for refining steel. 
A gentle electrical mixing of the steel is an advantage, to 
ensure a constantly renewed portion of the bath being 
presented to the slag, but anything more is seriously 
against control of refining ; against the life of the lining ; 
and, incidentally, a fractional waste of energy. Neverthe- 
less, some Continental workers have sought for successful 
refining by increasing the violence of the turbulence. The 
author, on the other hand, finds a turbulence of the steel 
greater than that produced by the refining reactions, plus 
a gentle circulation electrically added, to be an impediment 
to the best work and destructive of the furnace. 


Ordinary high-frequency furnace 


The Stobie refining high-frequency furnace 
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The Stobie refining high-frequency furnace 


Turbulence of the Surface of the Metal 


A word or two concerning the turbulence at the surface 
of the molten metal in both the ordinary and the refining 
high-frequency furnace may be of interest to those who 
have not studied its origin. When current is on the furnace, 
the molten bath rises higher in the centre of the surface 
than at the sides, and the higher steel pours continuously 
down the slope. The height of such a “fountain” is 
greater in a given furnace, the greater the current supplied 
to the furnace coil. It is due to repulsion between the 
current in the furnace coil and that induced in the molten 
steel. It is not, in any measure, dependent on the frequency 
of the current ; and a low-frequency current produces, in a 
given furnace, a smaller “ fountain” than does a higher 
frequency current, because the lower frequency current has 
the higher power-factor and, therefore, necessitates less 
current in the furnace coil for a given energy input, notwith- 
stending the square root heat effect of frequency. If 
frequency of current, gua frequency, regulated the height 
of the “ fountain,” as might be inferred from one text-book, 
an accelerated “fountain” would accompany increased 
frequency of current in accordance with all motion governed 
by electrical frequency, and the greater momentum thus 
ecquired by the steel would heighten the “ fountain.” 


Successful Refining 

The solution for a successful refining high-frequency 
furnace appeared to be the following :— 

1. The slag-line must be located higher than the super- 
heated crucible wall, instead of being within the 
heating zone of the furnace. 

2. The refractory lining at the raised slag-line must be 
much thicker than the few inches available in the 
crucible wall of the furnace. 

3. The slag-line must be fully repairable after each heat. 

4. The surface turbulence of the metal from electrical 
cause must be reduced. 

A furnace was evolved which met those requirements, 
and the ease with which refining is conducted in it has 
justified the work. As is seen in the illustration, the 
furnace resembles the ordinary high-frequency furnace 
in and around the lower half. The inductor coil, which 
surrounds the crucible and transmits heat energy to the 
steel, does not extend upwards past the surface of the 
molten bath as in non-refining furnaces, but is short and 
finishes lower down. The inductor coil does not, therefore, 
enclose the whole of the charge. The higher part of the 
lining, where it continues above the coil, is thickened to 
12 in. or more, and is sloping on its exposed surface, like the 
banks.of an are or an open-hearth furnace. The coil carries 
the full electrical energy required. The shortened length 
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of coil has proved more efficient than the long coil 
of non-refining furnaces. This may seem contrary 
to text-book theories, but the cause lies mainly in a 
higher power-factor of the coil due to its conditions 
of use. The furnace is covered by a well-fitting 
sillimanite roof. It has the usual advantage of 
ordinary high-frequency furnaces of being a rapid 
melter, from which a large output can be taken in 
frequent small quantities. 

The steel charge above coil level is held un- 
failingly at the full heat of the remainder of the 
bath by two happenings. One is the continual 
rising of the hottest steel by normal convection ; 
the other is the ever-upward flow from below of 
the “ fountain ” of steel. 

The weight of steel above coil level—in other 
words, that above the region where the “fountain” 
originates—supplies the final requirement for good 
refining by spreading out the undesired portion of 
the “fountain”’ before it can over-agitate the 
surface. 

A metallurgical question which will be for- 
mulated here will be: What heat is available 
for activating the refining slags ? The answer 
meets every requirement. The fluidity of the slag is 
dependent on, simultaneously, composition and tempera- 
ture. Refining activity is dependent on the inducement 
the slag and the molten steel offer each other for the 
required chemical changes. The heat reached by the liquid 
slag is almost that of the steel, and the adjustment of 
the slag to give vigorous refining activity has presented 
no difficulty at any time. The inside of the roof, after 
refining has commenced, rises almost to the temperature 
of the liquid slag ; and the sillimanite roof is an excellent 
conservator of that heat. 

Carbon in steel can be reduced in this furnace until a 
finished high-quality material with the low content of 
0-02°, carbon is obtained, which is three or four times 
lower than is possible with are furnaces. Silicon, man- 
ganese, sulphur, and phosphorus are reduced at the same 
time. Sulphur is well lowered, but, so far, not to the 
extremely low limit possible, at a cost, in the arc furnace. 
That extreme limit, however, has little purpose, and is 
not to-day considered of special merit by metallurgists. 

The refining process is a plain one. The data below 
indicate the removal of carbon, silicon, manganese, sulphur, 
and phosphorus from carbon steel scrap when the furnace 
is basic lined. 

The scrap used varied between :— 


0-04-0-06% 
0-04-0-06% 
The refined steels analysed after casting :— 

Heat No. Si. Mn. 8. 
136 .. 0-02... 0-29 .. trace .. 0-031 .. 0-008 
137 .. 0-03 .. 0-20 .. trace .. 0-030 .. trace 
141 .. 0-03 .. 0-08 .. trace .. 0-033 .. 0-021 
148 .. 0-03... 0-023 .. 0-012 
149 .. 0-04 .. 0-33 .. 0-04 .. 0-020 .. 0-007 
151 .. 0-02 .. 0-22 .. .. 0-022 .. O-Oll 


Ferro-silicon was added in differing quantities prior to 
tapping, but no ferro-manganese, as the steels were not 
intended for direct use. 

Old experience of presumed 0-02°%, carbon steels made 
it reasonable to have check-analyses of 0-02°% carbons 
from this furnace. These were made by a reliable outside 
steelworks, and they returned 0-02°%, on each of four 
estimations. 

The slag materials used at the commencement of refining 
consist of lime and sand in proportions to flux shortly 
after iron ore has been added to the bath. Thereafter, 
only lime is fed in; the necessary additions of this being 
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recurrently demanded by the unmistakable 
changes in the slag whilst refining proceeds. The 
fluidity of the slag is an impressive sight to those 
accustomed to the ordinary high-frequency furnace. 
Its greed for lime as the refining proceeds is, 
metallurgically, most gratifying. Ore is added 
as and when familiar bath signs indicate the 
requirements. It splits into small bits on contact 
with the molten steel, and operates at the surface 
under the slag. 

The refining is accompanied by changing types 
of gas puffs issuing from the bath ; changing 
nature of the slag; changes in the movements 
in the slag ; changes in the movement of the 
bath ; and changing vigour in these very changes. 
All these indications are constantly in view of 
the operators through the shallow and nearly 
clear furnace atmosphere, and they constitute 
an exact guide, step by step, to the progress 
refining. After short practice, for example, it 
is possible to tell, from the movement of the 
slag and bath, whether the carbon is reduced 
to 0-03°, or whether it is down to 0-02%. The 
guidance to blowing, visible to the expert blower 
in the classical case of the Bessemer flame, is 
rough compared with the niceties which guide in 
high-frequency refining. 

Lime additions during refining are best directed largely 
towards the edge of the slag, where it meets the sloping 
banks of the lining. This has advantage in reducing the 
slag activity against the slag-line, by somewhat lessening 
the temperature there, whilst its briskness over the main 
surface of the steel has full play. Following normal steel- 
making practice, the drive of refining is relaxed towards 
its finish, so as to end the process with low excess oxygen. 

When refining is completed, the slag is poured off and 
some deoxidant is added to the bath. Fresh lime, sand, and, 
perhaps, a little fluorspar, make a pliant finishing slag. 
Concluding additions to the steel are then made. The 
finishing of the steel is effected under favourable conditions 
through the critical insight obtained of the melt. 

The time required for refining varies according to the 
result desired. Broadly speaking, it is between 20 and 
40 mins. Full power is maintained on the furnace during 
the height of refining, and varied at other times to suit 
requirements. 

The composition of the slag changes much during 
refining, so a “typical” slag would be a misnomer. 
Examples contain at different periods :— 

SiO,. Fe (calculated as FeO). CaO. 
45/15%  .. 35/20% .. 35/15% 

Prior slag experience must not lose its proportion as a 
guide when considering these values. In most other 
refining processes the slags are hotter than the metal, and 
some of us may have become so accustomed to that con- 
dition that we incline to assume, without inquiry, that 
there is fundamental merit in it. A thought given to 
Bessemer reactions will annihilate the suggestion. An 
examination of the events occurring in the refining high- 
frequency furnace has shown, beyond question, that it is 
the oxygen received by the bath from the ore which does 
the main refining ; and the function of the slag is to hold 
the oxidation products securely as they rise into it from the 
steel. For the slag to retain these products it is necessary 
that its composition, at its temperature, shall have affinity 
for them greater than has the steel. Nothing more is 
required. The slag certainly contributes in degree to the 
refining by its excess content of iron-oxide, and such 
abstraction of the oxide from the slag is convenient so long 
as the excess is maintained. 

The efficacy of the refining provisions are such that, when 
refining was begun on the first charge to be treated, the 
reactions were most alarmingly energetic, and it became 
necessary to show a little less enthusiasm in urging for 
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Refining furnace at end of pouring 


immediate high speed. The furnace could work quicker 
than the operators, so the refining was tempered whilst the 
furnacemen gathered experience. Progressively with the 
men becoming more skilful, so the furnace was given its 
reins. 
Analyses to Indicate Progress of Refining 
are Unnecessary 


It has been suggested in the past that there would be 
objection to using a high-frequency furnace for refining 
because of the undesirability of holding the molten bath 
in a quick-working furnace long enough for making necessary 
analyses to indicate the progress of refining. This position 
does not arise. No bath analyses are required during 
refining beyond the one taken when the charge is first 
melted. This may sound at first rather venturesome, but 
experience has established it beyond question. The 
reason for this economy is that the course of refining 
becomes automatic within very narrow limits. The 
furnaceman has a constant view of the charge, and the 
unobscured furnace atmosphere makes it easy for him to 
follow every event in the furnace, like examining the 
symptoms of chemical indicators on the laboratory bench. 
The bath and slag reactions are the straightforward fulfil- 
ment of deliberately intended activities, unvitiated by 
carbon or producer gases, and unconfused to the eye by 
radiations from ares or imported flames. The slag, the 
bath, and the reactions are seen in undisguised reality, 
giving perception to the furnaceman which has no equiva- 
lent in earlier work. The ore and lime are added until the 
indications are that the carbon is low. The fluidity and 
appearance of the slag are unmistakable during this time, 
and after a short experience the maintaining of sufficient 
lime in the slag to retain the oxidation products is a matter 
of routine. 


A Carbon-Monoxide Saturated Atmosphere 


An interesting observation is that if the carbon-monoxide 
atmosphere generated during refining remains under the 
roof, the refining is remarkably slower than when air is 
admitted to burn the gas. To facilitate this, the hole by 
which ore is fed through the roof is kept partly open. 
A carbon-monoxide-saturated atmosphere cannot accept 
additional CO, either from the slag or from the bath. Ina 
saturated atmosphere, the slag quickly reaches CO satura- 
tion, and the steel a balanced concentration. Diffusion 
of the gas from the bath into the slag or into the furnace 
atmosphere, or of that already in the slag into the furnace 
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atmosphere, will not proceed while the concentrations 
are in equilibrium, and only at other times at a speed 
inversely proportional to the concentrations. There must 
exist a gradient of CO across the slag and atmosphere 
along which newly generated gas may flow, otherwise the 
steel will unload the gas only to the extent that the rising 
pressure within it can force a liberation by bodily pushing 
the previous atmosphere out of the furnace. Under those 
conditions refining is slow. When the CO rising from the 
melt is burnt by incoming air, refining proceeds at high 
speed. 

Metal-Slag-Atmosphere Equilibria 


One deals with but part of the whole when considering 
metal-slag balances, only, in relation to refining. The 
picture requires concurrent appreciation of metal-slag- 
atmosphere equilibria. These three parties to the negotia- 
tions have each equal importance when the subject of 
inquiry is the itinerancy of an oxidation product which is, 
or is susceptible of becoming, a gas; and in all cases the 
analysing of a slag to examine its relation to refining is 
incomplete if it is devoid of indication of gases held in 
solution which can produce oxidation products or which 
can react on them as they rise from the metal. 

The fully oxidising atmosphere deliberately maintained 
above the slag in the present furnace during refining is the 
probable cause of the greater desulphurisation than is 
experienced in other oxidising processes. In an open- 
hearth furnace such an intensely oxidising atmosphere 
night entail ruin of the refractories by an accompanying 
severely destructive heating flame. In an arc furnace when, 
as is usual, air enters during the oxidising refining, the 
atmosphere over much of the slag may be more oxidising 
than in an open-hearth furnace, but the ever-present 
carbon burnt or volatilised from the electrodes, and the 
necessary tight roof, still impose a vitiated atmosphere. 

Though insufficient work has been done to establish it 
decisively, the author suggests that much of the sulphur 
removal by the present process is by direct formation of 
sulphur dioxide gas in the bath. He is aware it is sometimes 
stated that such a reaction cannot take place because the 
heat of formation of sulphur dioxide is lower than that of 
the involved ferrous oxide and metal sulphide. No such 
selectivity determines refining activities. The reaction 
can occur providing its absorption of heat does not reduce 
the temperature of the reactants below a sufficient residual 
value. If heats of formation governed, carbon could not be 
removed from molten steel. 


Final Falling Slags 

A final falling slag is produceable at will for finishing, 
if desired, but was not used on the above heats. Many 
slags of different silica-lime relationship will “ fall,’’ pro- 
viding they contain little or no iron or manganese oxide, 
and a number can be produced at lower than steel-making 
temperatures. It is known to arc-furnace operators that a 
falling slag is not, as was once thought, the indication of a 
well-finished steel. Appalling steel can lie under the 
finest falling slag! It can, and fortunately usually does, 
accompany well-conditioned arc-furnace steel, but its 
presence is evidence only of high lime content and of a 
sufficient lowness of the mentioned metal oxides. 

Two examples of falling slag from the refining high- 
frequency furnace contained :— 


SiO». FeO. Ca (as CaQ). MgO. Cc 

28-5 0-86 66-8 2-5 Nil. 

30-0 2-04 63-5 — Nil 


No carbon or carbon-containing material was used in 
their production. The falling slag of an arc furnace usually 
contains calcium carbide and, sometimes, other carbides ; 
but no trial has been made with a carbide added to the 
present slags. 
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Alloy Additions 


Adding alloys to the refined product to make special 
steels is not technically dealt with here, as it does not 
involve anything new in steel-making to those accustomed 
to such steels. The economic factors are, however, interest- 
ing. With high quality stock of 0-02°% or 0-03% carbon, 
a number of previously more or less locked doors are 
opened wide. An example is the production of silicon 
steels with ultra-low carbon for electrical purposes. Energy 
losses by hysteresis rise and fall in such steel with the 
carbon content. The value of a number of nickel steels 
for electrical purposes also depends on their lowness in 
carbon. An illuminating opening is in low-carbon stainless 
steels. The 18/8 type made with 0-1°% carbon ferro- 
chrome and 0-03°, carbon refined stock will give a final 
0-05% carbon. Using 0-07°% carbon ferro-chrome and 
0-02°, refined stock, the final carbon will be 0-035%. 
Metallic chromium with the 0-02°, refined stock will give 
0-012°, carbon. If the finished steel required is the usual 
0-1% carbon, ferro-chrome having up to 0-25% can 
safely be used. The improvement in a number of ferrous 
and non-ferrous alloys following the reduction of their 
carbon content has been an outstanding feature in the 
last few years. 

Interest in the refining high-frequency furnace does not 
centre solely around the virtual elimination, when desired, 
of carbon. It is the new degree of exactitude in modelling 
steel and other metals to requirements, with increased ease 
and commercial advantage, which attracts the attention. 


Contribution of the Determination of 
Gases in Steel by the Hot-extraction 
method 


THE various gas analytical methods of determination of 
gases extracted from steels by the hot-extraction method 
are described, and their advantages and disadvantages 
explained, especially the sources of error in the volumetric 
gas apparatus, and the method of determination of hydrogen 
and nitrogen are discussed. Gas mixtures of various 
compositions were analysed in the explosion pipette, in 
the platinum capillary, and by passage over copper oxide. 
These experiments have clearly shown the superiority of 
the plarinum capillary. The usual analyser, however, had 
so many defects that a new one had to be built up, which 
is described in detail in the report. A platinum capillary 
one, as constructed by Dreschmidt, is taken : the mercury 
capillaries are not arranged horizontally, thus avoiding 
small quantities of gases that are included in the capillaries 
not wholly filled wiht mercury ; fat, as packing material, 
is omitted as much as possible because of making the 
mercury dirty, and is replaced by rubber discs ; the capillary 
is heated electrically to about 970°C., as it is found in 
somé cases that the hydrogen of the heating gas had 
diffused into the capillary ; a special plant for producing 
pure oxygen is arranged at the back of the analyser ; the 
the defects of the generally used oxygen developer had 
been studied carefully, and could be avoided in the new 
apparatus. Finally, the manipulation of the new gas 
analyser is explained. 

The results of the experiments are given in an extensive 
table showing the comparative determination of gases in 
steel by the hot-extraction method in the platinum capillary 
as well as in the explosion pipette ; and the determination 
of nitrogen by the solution method. The experiments were 
carried out on 18 steels, with 0-02 to 0-39%, carbon, and 
one chromium metal. 

Mitteilungen aus den Kaiser-Wilhelm Institut fiir Eisen- 

forchung. Dusseldorf. Vol. XIX. No. 8. Gustav 
Thanheiser and Heinrich Ploum. Price, RM.1-80. 
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Cartellisation in the World Aluminium 
Industry By Robert J. Anderson, D.Sc. 


The disparity between the extensive possibilities of production and the limited possibilities 
of consumption has long presented an economic problem and the cartel movement is an 


effort to control producing and marketing activities. 


This article is an introduction to a 


series of articles which will review the cartel movement in the world aluminium industry 
from the time of the first international agreement in 1901 to date. 


All Rights Reserved, including the right of translation into foreign languages. 


HE cartel movement has developed more or less con- 
| currently with the evolution of modern industry, 
and represents a series of co-operative attempts by 
producers to regulate output and sales. Carteliisation as a 
means of surmounting economic difficulties is not actually 
a new idea ; the movement has been growing for about 60 
years. It has spread widely since 1900 and very rapidly 
since the end of the world war. The cartel movement 
reflects broadly the recognition by practical men of the 
irreconcilable disparity between “ the extensive possibilities 
of production and the limited possibilities of consumption.” 
The ruinous economic effects of this disparity are especially 
conspicuous in the case of capital-goods and raw-material 
industries during prolonged depressions. But, of course, 
disequilibrium develops in all industries, under free com- 
petition, whenever the productive capacity is so expanded 
as to supply commodities in quantities considerably in 
excess of the existent market-demand. 

The term “ cartel” has been applied in a general way to 
describe many types of organisations established by private 
undertakings, in the same or similar branches of industry, 
for the purpose of dealing with economic problems which 
arise as a result of competition. Co-operation among 
separate businesses has assumed numerous forms, ranging 
from mere “ gentlemen’s agreements” through trade 
associations and cartels (properly so called) to stock 
companies which perform cartel and other functions. While 
cartels differ markedly in scope of activities and typ2 of 
organisation, their primary purpose is, one way or another, 
to get control of a market. Types of cartels commonly 
found in industry include the following: Cartels for the 
regulation of output ; cartels for the regulation of prices ; 
cartels for fixing sales quotas; and cartels providing for 
joint selling activities. Single cartel organisations often 
comprise more than one of these forms. In some advanced 
types of cartels these several forms are united, and pro- 
vision may be made for the financing of members as well 
as for various activities ordinarily carried on by trade 
associations. Cartels may be regional, national, or inter- 
national. 

As contrasted with combines wherein producing units 
are merged financially, the members of a cartel retain their 
independence as separate enterprises. In the cartel 
organisation, however, they have agreed to certain restric- 
tions in respect of their relations to the market. Cartel 
agreement is normally made by contract of the members 
for a limited time. Pribram' considers cartels, strictly 
defined, to be “‘ combinations marked by agreements con- 
cerning producing and marketing activities within the real 
exchange system.” In some cases, cartels have been 
succeeded by stock companies which not only function as 
cartels, precisely conceived, but also operate in the money 
exchange system. 

Modern industry, evolved on the principle of the 
individual risk and the doctrine of laissez faire, has 
developed fixed plant of enormous capacity for the pro- 
duction of goods. As a general proposition, the important 
factors affecting the output of commodities include the 


1 Pribram, K. Cartel Problems, 1935 The Brookings Insticution, Washington. 
282 pp. 


available supply of raw materials, capacity of plant, 
capital or banking accommodations, prices and demand, 
and the psychology of the risk-takers. With methods of 
mass production the output of manufacturers can be 
increased tremendously by expansion of plant. And, under 
competitive conditions, producers have been constantly 
impelled to enlarge capacity in order to reduce unit costs. 
At the same time, large fixed plant requires continuous 
operation for profitable results and to hold down stand-by 
losses. But consumption cannot be raised arbitrarily to 
correspond with some greatly increased output. The 
quantities of goods which can be used are more or less 
limited. Or, anyhow, the total quantities which c#n be 
produced cannot be distributed at a profit. 

In the absence of continually expanding markets and 
with increasing violence of competition the structure of 
modern industry is an important contributing factor 
causing recurrent periods of economic chaos. As an 
influence on cyclic phenomena of business, this factor is 
inextricably linked with, although fundamentally sub- 
ordinate to, radical defects in the credit and monetary 
system. The position is taken by cartel advocates that 
cartellisation is a practical method of effecting some 
reasonable order (if not maintaining it over the long term) 
in a chaotic economy, at least in respect of individual 
industries. 


Lopsided Industrial Progress 


As is well known, industrial progress during the last 
50 years has been quite lopsided. On the one hand, apart 
from the development of tremendous plant, numerous 
technical difficulties have been overcome, costs have been 
reduced, and manufacturing processes have been brought 
under scientific control and remarkably improved. More- 
over, brilliant achievements have been made in the manu- 
facture and application of many new products. Still, 
on the other hand, while facilities for distribution have been 
greatly increased, no way has been found to operate 
steadily and profitably the existent plant. The problem 
of ironing out the wide swings in the business cycle has 
so far remained insuperable. 

Economic difficulties which arise periodically or 
sporadically in industry are connected with the existence 
of immense fixed plant requiring steady operation at 
profitable prices; the inability of producers to sell all, 
or even a large part of, possible output; and continued 
fluctuations in the market demand and prices. Also, 
technological advances and the erection of additional 
plant are causes of temporary—sometimes permanent— 
disequilibrium. In the present complex system of capitalist 
economy isolated producers are unable to cope with 
severe economic difficulties persisting for lengthy periods. 
They have been faced, therefore, with the common problem 
of diminishing somehow the individual risk and have sought 
the solution in cartellisation. 

Thus, the motivation for the establishment of a cartel 
organisation by producers in a given industry is generally 
found in the existence of excess productive capacity as 
related to the actual or discernible market and the conse- 
quent desire for nutual co-operation in regulating output 
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with the view to conducting operations at a profit. Since 
lack of belance is most evident during long and severe 
depressions, cartels are often formed at these times with 
the hope of mitigating the herd conditions then encountered. 
Through the cartel egency independent enterprises ere 
enabled to act conjointly on matters of policy and endeavour 
to conduct their affairs according to some agreed plan. 
In order to relieve the strain of overproduction a cartel 
may temporarily restrict the output of its members and 
adjust the quantity of preduction to conform with the 
existing demand. Also, new markets may be developed by 
joint advertising or by special price quotetions for certain 
applications, and consumption thereby increased. In the 
same way, competition of members may be eliminated by 
dividing up the market and allotting exclusive sales areas— 
for example, the home market to domestic producers in 
the case of international cartels. Moreover, dumping on 
the world market may be controlled or stopped, end 
improved methods devised for handling export sales. 
Finally, uniform selling prices may be fixed and maintained. 


Complex Economic Problems 


This is not to say that cartellisation constitutes a formula 
for solving satisfactorily the bewildering complex of 
economic problems engendered by modern industry. In 
fact, nearly all cartels have, so far, been singularly un- 
successful. Their history shows that these organisations 
have mostly come to grief, sooner or later, either riddled 
with internal wranglings or with the members brought to 
en impasse by new conditions setting new problems for 
which no agreed formula could be found. But this is small 
wonder, considering the evolutionary state of economy. 

It may be remarked that in attaining and maintaining 
control of a market monopoly position is strengthened, 
and impending or marginal competition may be frustrated. 
Whether this situation can be reconciled with the public 
interest is a question of contention between opposing 
schools of politico-economic thought. It may also be 
remarked that the stabilisation of prices in raw-material 
industries by cartels acts as an element of rigidity in 
portions of the economic structure which, as a whole, 
requires flexibility for periodic adjustment. Besides, a 
cartel is normally confronted with the difficulty of con- 
vincing consumers that its prices are reasonable. 

Experience has proved that a special conjuncture of 
circumstances is prerequisite to the successful functioning 
of a cartel. Nevertheless, this is not to suggest that a 
cartel will necessarily last for long merely because favourable 
conditions obtained at the time of its formation. <A review, 
if only brief, of the conditions which facilitate, and also 
those which are obstacles to, cartellisation and its satis- 
factory operation is of interest here in considering the 
movement in the aluminium industry. 

In general, conditions are much more favourable for the 
organisation of cartels, especially international ones, in 
industries which deal with raw materials or semi- 
manufactured preducts than in those concerned with 
finished manufactures or consumers’ goods. This suggests, 
and it is a fact, that the proper field for cartels is mainly 
in the heavy and basic industries. These include mining 
and reduction metallurgy. In order to arrive at agree- 
ments in respect of finished goods, it is requisite that the 
products be standardised or susceptible of modification 
so as to be manufactured in only a few types. Furthermore, 
the manufacturing processes should be similar. Also, both 
raw materials and sc mi-manufactured products should be 
readily definable as to quality, so that agreement can be 
made as to commodities of the same or uniform character- 
istics. A cartel can be organised and function better in 
industries which comprise a rather small number of pro- 
ducers (large ccmpanies, especially) than in those which 
include many small firms. Great capital investment for 
plant is required for creating new enterprises, or for 

expanding those already existing, in various industries, 
and this condition facilitates cartel organisation, Special 
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situations in respect of patents may be favourable for 
cartellisation. Control of raw materials, import duties, 
transport conditions, or some other circumstances may 
make competition ineffective and thus promote the for- 
mation of cartels. National cartellisation of producers 
within several countries, or practical monopoly of domestic 
markets by individual companies, is ordinarily pre- 
requisite to the formation of an international cartel. 
Finally, for successful operation, a cartel must include all, 
or neerly all, producers in the particular industry, and it 
must be able somehow to enforce decisions. 

The above short survey indicates the conditions necessary 
or favourable to the organisetion and satisfactory function- 
ing of cartels. Conversely, the absence of these conditions 
is normally unpropitious. The presence of numerous 
marginal producers in an industry is especially unfavourable. 
If 2 cartel stabilises prices too high in relation to average 
or marginal costs, the formation of new outside enterprises 
may endanger its existence. The factor most adverse to 
the continuation or renewal of cartel agreements is, perhaps, 
the entrance or threat of outside competition. It is 
apparent that circumstances determine whether the aims 
of cartellisation can be fully or partly attained. 


Structure of the Primary Aluminium Industry 


For many years the structure of the primary aluminium 
industry has been especially good, as considered from the 
viewpoint of international cartel organisation. The 
requisite conditions have been satisfied quite completely. 
First, the total number of aluminium producers in the 
world has been small, and the home output in the various 
countries has been made by a single large producer or 
mainly by a dominant concern or group. Next, aluminium 
production has been based almost exclusively on a single 
kind of ore—that is, bauxite; and the most valuable 
supplies of aluminium ore are owned or controlled by the 
primary metal producers. Furthermore, the production 
process is well-nigh unique in large scale metallurgy, and 
was protected by basic patents until 1906-1909. Then, 
the primary industry has not, hitherto, been harassed by 
small marginal producers ; and, excluding a few isolated 
cases, small independent companies have not been attracted 
to aluminium production. Also, up to now, important 
consuming interests have not built works to supply their 
own requirements. 

The capital expenditure necessary for aluminium pro- 
duction is very large. Provision must ordinarily be made 
for the acquisition of ore supplies, construction of hydro- 
electric power plant, and erection of works for making 
alumina and carbon electrodes as well as for metal reduction. 
In this connection, it is worth noting that relatively few 
new enterprises have taken up aluminium production during 
the last thirty years. Most of these have done so under 
governmental subsidy or auspices, usually with pressure 
from military authorities. Incidentally, this is the situation 
at present in several countries where new plants are being 
built or projected. But the greater part of the capacity 
which has come into operation since 1900 has been added 
by the old producers established before that year. As in 
the case of other basic industries which involve large 
works, production costs in the primary aluminium industry 
cannot be adjusted quickly, if at all, to conform with 
varying economic conditions. This is on account of the 
relatively high importance of that cost portion due to fixed 
overhead. Moreover, the shut-down of alumina plants 
and aluminium-reduction works is expensive because of 
special technical reasons. 

It may also be pointed out that primary aluminium pig 
is made by the same process in all works, and is a raw 
material of standard quality. Also, production cost is 
not much influenced by freight charges. In addition, 
primary aluminium has a world-wide range of transport. 
High import duties are now levied on aluminium by nearly 
all producing countries. 

The dominant aluminium producers are fully integrated 
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concerns. They mine bauxite, manufacture alumina and 
carbon electrodes, operate electric power plants, and make 
the metal. Either directly or through subsidiary and 
controlled companies they also engage in most or all 
branches of the working-up industry, from the initial stages 
of preliminary processing through the manufacture of 
finished wares. In passing, it may be mentioned that the 
capital expenditures required for building large aluminium 
milis for the production of sheet, shapes, or wire are 
relatively high. Sales of primary aluminium are made, for 
the most part, directly by the producing companies or 
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through cartel organisations to consumers. At present, 
the home consumption of several large aluminium-producing 
countries is considerably less than the capacity for pro- 
duction, and considerable quantities can be made for 
export. Lastly, there is considerable interlocking of 
interests among the principal producers. 

The object of this series of articles is to review the cartel 
movement in the world aluminium industry from the time 
of the first international agreement in 1901 to date. Most 
of the statistics used are those which have been published 
by the Metallgesellschaft A.-G. 


The process of nitrogen hardening is used effectively with suitable 
cast-iron composition. The subject was discussed by Mr. Hurst at a 
recent joint meeting of the Staffordshire Iron and Steel Institute and the 
Tron and Steel Institute, and this article embraces the main features presented. 


process, and provides a method of surface hardening 

both steel and cast-iron articles of suitable alloy 
compesitions. The principles involved in the process 
consist essentially of submitting articles to the action of 
anhydrous ammonia gas for a suitable period of time at a 
low temperature in the region of 500°C. The greatest 
value of the process probably arises from the fact that it is 
carried cut at such a low temperature as a single treatment 
that it can be applied to precision articles without the risk 
of serious distortion, scaling, or cracking. 

The alloy cast irons suitable for nitrogen hardening, 
which have come to be known as “ Nitricastiron,” are 
essentially alloy cast irons containing aluminium and 
chromium. In this respect they are analagous to the 
aluminium-chromium series of alloy steels introduced for 
this purpose and known as Nitralloy steels. The properties 
of the alloy in the sand-cast condition have approximately 
the same tendencies as those of the centrifugally cast 
material. In magnitude, the values of the modulus of 
elasticity and tensile strength are lower than those of the 
same material centrifugally cast. The permanent set 
values are higher and in the as-cast and annealed condition 
the hardness is lower. In the hardened and stabilised 
condition the hardness more nearly approaches the hardness 
of the same alloy centrifugally cast. In the sand-cast 
condition the alloy is somewhat less stiff and less strong 
than the centrifugally cast material. The centrifugal 
material is prepared by pouring the metal into rotating 
metal moulds and full details of this process have been 
described elsewhere. The Brinell hardness of the alloy in 
the annealed condition lies between 260 and 300, and the 
material is somewhat harder to machine than ordinary cast 
irons. It is found that it can be machined satisfactorily 
with Widia-tipped tools or Stellite. Annealed centrifugally, 
cast Nitricastiron castings can be machined in the lathe at 
a speed of 70 ft. per min., with a depth of cut of | in. to 
} in., and a feed of 40 cuts per inch using Widia-tipped 
tools. The machining speed of sand-cast Nitricastiron 
using the same kind of lathe and tools was 90 ft. per min., 
with the same depth of cut and a feed of 30 to 40 cuts 
per inch. 

In the industrial nitriding of Nitricastiron articles, 
electrical heating is adopted. The furnace used is of 
resistance type, and is provided with automatic tempera- 
ture regulation. The parts to be nitrided are placed in a 
gas-tight box made of heat-resisting steel. The parts are 
placed loosely in the box without any special packing 
material. Individual layers can be separated by means of 
nickel wire netting, and care should be taken in packing 
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the boxes to allow of free circulation of the anhydrous 
ammonia gas. The box is provided with inlet and outlet 
tubes for the gis, and a pyrometer tube projecting into the 
centre of the box is used for accurate control of the tempera- 
ture. Anhydrous ammonia gas is supplied to the box from 
a cylinder of liquid anhydrous ammonia and with the 
current of gas flowing the temperature of the box is raised 
to 500° C. and maintained at this value plus or minus 5°. 
The pressure of the ammonia gas in the box is slightly 
above atmospheric, from } in. to | in. water gauge, and is 
governed by a water bottle through which the exit gases 
are led. The length of time of the nitriding process varies 
from 40 to 90 hours according to requirements. When the 
period of nitriding is completed the furnace is allowed 
to cool down quickly to 370° C., with the current of ammonia 
passing. The box is then taken out of the furnace and the 
parts removed as soon as they are cool enough to handle. 

Control of the process is exercised through the extent of 
disassociation of the ammonia. The ammonia disassociates 
to a certain extent into nitrogen and hydrogen, according 
to the reaction— 

2NH, = 2N + 3H, 

The exit gases leaving the furnace consist, therefore, of 
hydrogen, nitrogen, and undisassociated ammonia. The 
ammonia gas is very soluble in water, and advantage of 
this is taken in determining the extent of disassociation. 
A value of 30°,, ammonia disassociated is found to be the 
most desirable condition. If the extent of disassociation 
is greater than this, the gas flow should be increased, 
whilst if it is less, the rate of flow should be decreased. 

Very frequently articles for case-hardening require 
some surfaces to b> left soft for subsequent machining 
operations. The protection of such surfaces from the 
hardening effect is commonly done by tinning, and pure 
tin or tin solder is generally used for this purpose. Although 
such solders melt at a lower temperature than the nitriding 
temperature, a sufficient amount will adhere by reason of 
surface tension, and will supply ample protection. Nickel- 
plating to a depth of 0-0005 in. has been found effective 
in preventing the nitriding. Experiments have also been 
made with protective paints, and positive results have been 
obtained with paints made up of stannous or stannic 
oxides. These compounds decompose in the furnace to 
form tin. Another protective paint consists of powdered 
aluminium and sodium silicate. This is applied with a 
brush to the surfaces to be protected and then allowed to 
dry. A hard coating is formed which can be removed 
after nitriding by boiling the articles followed by scratch 
brushing. A recent type of protective paint consists 
essentially of a mixture of finely powdered lead and tin 
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suspended in an oily vehicle of animal oils. This can be 
applied to the articles by means of a brush or spray pistol. 
The fine coating of powdered lead and tin thus obtained 
on the surfaces melts at the nitriding temperature, and so 
exercises the same function as the solder applied as pre- 
viously described. 

With the object of ensuring uniform machining qualities, 
castings in Nitricastiron are submitted to an annealing 
treatment by heating up to a temperature of 950° C. and 
allowing to cool slowly. This alloy can be oil-hardened 
and tempered, and under certain circumstances castings 
are heat-treated in this manner after annealing and rough 
machining by quenching in oil from 870° C., and tempering 
at temperatures of 600°C. to 700°C. The tempering 
treatment may be prolonged to provide a stabilising treat- 
ment intended to remove internal stresses and to thus 
minimise distortion during the nitrogen hardening. This oil 
quenching and tempering treatment has a very marked 
effect in producing a spherodised structure, and without 
doubt this structural condition ensures excellent stability 
in the nitrogen-hardened case. Where there is any risk of 
distortion, it is always advisable to adopt the stabilising 
treatment whether the oil-hardening is or is not performed. 
The stabilising treatment should be carried out after the 
preliminary rough machining operations by heating to a 
temperature of 550° to 650° C. for periods of $ hour to 6 
hours, according to the size and complexity of the casting. 
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In the composition of the aluminium-chromium alloy 
cast iron used in the manufacture of centrifugally-cast 
nitrogen-hardening material, the essential alloying elements 
are aluminium and chromium, and so far the best results 
both as regards maximum surface hardness and total depth 
of penetration are obtained when these two elements are 
present conjointly. Nitrogen hardening is obtained in 
alloy cast irons in which either of these elements is present 
singly. The effect of silicon, manganese, and phosphorus 
on the hardening properties of aluminium-chromium alloys 
as used for nitrogen-hardening in the centrifugally cast 
condition have been studied. It has been shown that the 
variation in silicon content has no effect upon the degree 
of surface hardness attained, but it does appear to have an 
effect upon the total depth of penetration—the higher the 
silicon the lower the depth of penetration. In the case 
of phosphorus, the results show that with this element 
in excess of 0-20°, a reduction in surface hardness is 
obtained, but the total depth of penetration is not affected. 
Within the range examined, manganese appears to be 
without effect either upon the degree of hardness or the 
total depth ot penetration. In this same investigation 


results were obtained in support of the view that the 
effect of chromium was in the direction of ensuring greater 
depth of penetration, rather than affecting the magnitude 
of the surface hardness. 


Application of Non-Ferrous Castings 


Modern non-ferrous castings have a grea! sphere of usefulness 


developed or modified to meet the requirements of 

modern engineering, it would appear that more 
extensive use of these non-ferrous alloys has been hindered 
by the insufficiency of data readily available to the engineer 
and founder regarding properties, applications and technique 
of manufacture. These aspects were dealt with by Mr. F. 
Hudson in a recent paper on modern non-ferrous castings 
and their engineering interest, read before the Institution 
of Engineers and Shipbuiiders in Scotland. 

Wrought non-ferrous products are made at a few centres 
in large quantities and under rigid metallurgical control, 
but cast articles are generally obtained from one or other 
of a large number of small foundries with less facilities for 
development or research. For that reason, the author 
confined his remarks to castings. The developments he 
selected covered castings in bronze, high-tensile brass and 
copper-base bearing metals. 

He showed how the addition of small percentages of 
nickel to bronze were of benefit in promoting solidity and 
density, homogeneity. grai. refinement, superior mechanical! 
properties, together with wear- and corrosion-resistance ; 
whilst the use of nickel bronze ensures better adhesion of 
deposit when such articles have to be nickel-plated. 

The presence of nickel in copper-tin alloys allows the 
ordinary range of cast bronzes to be heat-treated for higher 
strength and hardness. Also, nickel stabilises the pro- 
perties of bronzes at abnormal temperatures, particularly 
in the presence of silicon—an important factor in con- 
nection with reliability of modern steam control. The 
author divided these alloys into low nickel bronzes (up to 
10°,, nickel), and high nickel bronzes containing more than 
nickel. 

For high-tensile brass castings the most commonly used 
allovs are those of the manganese high-tensile bronze class, 
and the author stressed the importance of considering the 
relationship of structure to fatigue failure. He disagreed 
with the modern tendency to increase tensile strength 
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without giving due consideration to resistance to fatigue and 
corrosion, pointing out that when the composition of these 
alloys is modified in the usual manner to obtain high-tensile 
strength (by an increase in zine or zine equivalent), the 
structure of the material is seriously impaired and liable 
to failure by fatigue or corrosion fatigue. He mentioned 
that research in the direction of securing hardness by 
controlled cooling of sand-cast alloys might lead to a 
solution of the grain growth problem in large propellers. 
If an alloy would harden on slow cooling, maximum 
strength would be obtained in the heaviest sections—-where 
most needed. 

Speaking of the structure of an alloy for a bearing metal, 
the author stated that the alloy must be of a more or less 
plastic ground mass, in which are embedded numerous 
isolated hard particles, and that the addition of nickel to 
phosphor bronze bearing metals results in a very finely 
dispersed hardening constituent consisting of nickel 
phosphide, enhancing wearing properties. 


Copper-lead bearings for high-speed work have been 
developed, as the normal copper-tin bronzes have not 
proved entirely successful for this work. The alloy most 
commonly used contains from 15 to 30%, lead, with about 
1%, of tin and a small percentage of nickel to prevent lead 
segregation, as copper and lead will not alloy in the true 
sense of the word. The practical advantages of the tin 
and nickel additions far outweigh the theoretical disad- 
vantages of lower thermal conductivity. 


It is forecast that steel shell bearings lined with a leaded 
bronze, as distinct from a copper lead, may find favour ; 
American aero engine manufacturers are already using 
such an alloy, this containing 75°, copper, 21%, lead, and 
4%, tin. 

It is evident, as the author stated, that modern non- 
ferrous castings have a great sphere of usefulness, and 
possess latent possibilities of considerable value to the 
engineer. 
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The Copper Industry 


IN 1937 


A Survey of Progress in the Development and Use of New Materials 


By H. J. MILLER, M.Sc. 


Great activity has been devoted during the past year to the 

development of new or improved copper alloys, while recent 

investigations have increased our knowledge of the more 

common copper alloys. The continued progress of copper 

and its alloys is reviewed in this article, particular attention 
being directed to recent developments. 
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the usual amount of activity has been devoted 

to the development of new or improved copper 
alloys, while new uses for the older and well-established 
materials have been adopted in many instances. In 
addition, recent investigations have added much to our 
knowledge of the properties of the more common copper 
alloys, with the consequence that opinions on the com- 
position of materials most suitable for certain service 
conditions have been modified considerably in some 
instances. The continued progress made in these various 
directions, coupled with the very active state of industry, 
justifies the claim that the past year has been one of 
unusual progress. 


Initial Fabrication Process 


Although oxygen-free copper has been available for 
several years, the procedure adopted in its production 
has been described for the first time during the past year 
in an article by E. F. Cone.!- Compared with usual methods 
for the production of tough pitch copper, the major point 
of difference lies in the use of controlled atmospheres 
both in a supplementary furnace holding the molten, 
refined copper, and in the pouring hearth and moulds. 
Recently a further patent has been obtained upon manu- 
facturing methods, especially concerning rate and tem- 
perature of pouring and control of the atmospheres.* 

Oxygen-free copper has achieved a considerable re- 
putation on account of its uniformity and high ductility, 
and one recent application which exploits these properties 
is that of the manufacture of finned copper tubing by 
feeding thick-walled tubes through grooved rolls, in which 
the grooves are of gradually increasing depth® ; the 
resultant product is a solid thin-walled tube with closely 
spirelled fins, as shown in the accompanying photograph. 

As the result of careful comparison between horizontally- 
and vertically-cast copper wirebars the conclusion has been 
reached that the oxygen-rich layers, inevitably formed on 
the surface of wirebars cast by the horizontal method, are 
responsible for a slightly lower ductility of draw wire, a 
matter which has been considered in some detail by 
Bassett.‘ The casting of tough pitch copper into vertical 
moulds requires precision control, and at the Ontario 
Refining Co. the production of vertically-cast wirebars 
from copper melted in the new electric furnace is now a 
successful routine process; Benard® has described the 
pointing of the ends of such vertically-cast wirebars so 
as to facilitate entry into the rolls and avoid over-rolling. 
This achievement can be considered as inaugurating the 
last stage in a change-over from horizontal to vertical 
casting-——which has been one of the most notable tendencies 
in the copper industry for some years—but price considera- 
tions will perhaps militate against complete abandonment 
of horizontal methods of casting for quite a long time. 


1 E. F. Cone. Metals and Alloys. 1937. §. 33. 

2 Scovill Manufacturing Co. and L. W. Bahney. Brit. Patent 457565. 
3 EB. F. Cone. Metals and Alloys. 1937. 133. 

4 W. H. Bassett. Wire and Wire Products. 1937. 12. 629. 

5 F. Benard, Metal Industry. 1937. §1. 201. 


D URING the past year it would appear that more than 


The direct production from 
the molten state of semi- 
finished products such as 
strip and wire-rod has been 
the subject of much patent 
activity. The direct rolling of 
brass by means of the Hazlett 
process® is known to have | 
been in successful operation 
at one American factory for 
a number of years, and this 
method has recently been 
applied to other metals also, 
so that it would appear to be 
well out of the experimental stage. The direct production 
of copper rod and tube has more recently been the subject 
of experimental effort. One process involves the casting 
of molten metal in a continuous stream into a groove on 
a horizontal rotating table.’ In further processes, molten 
metal issues from the orifice of a container under carefully 
controlled conditions, there being several regulated tem- 
perature zones to control the freezing and after-cooling 
of the rod or tube sections as they issue from the orifice. * 
The issuing sections are finally removed by tension, applied 
by means of rollers, and this calls for extreme care, since 
the operation is of a delicate nature, and may result in 
rupture of the metal in either the solid or semi-solid zones. 
At present such methods are only in the experimental 
stage and are by no means as fully developed as the Hazlett 
process for strip production. 

Conventional fabrication processes are also being 
threatened from a different direction, namely electro- 
deposition. The idea of producing strip, sheet and other 
semi-manufactured products by electro-deposition is, of 
course, not new, but until a few years ago such methods 
were not economically successful. During this last year 
a large works for the manufacture of electro-deposited 
copper sheets and of copper-nickel bimetallic sheets has 
commenced operations in this country ; this scheme is 
associated with recent improvements in electro-deposition 
practice.'° 

The production of complex-shaped articles by electro- 
deposition, although obviously very attractive, has not 
hitherto received the attention which it would appear to 
merit. Based on the knowledge that under certain current 
density conditions it is possible to obtain harder and 
stronger products than can be obtained by conventional! 
cold-working methods, renewed efforts are being made to 
produce pipe fittings, range boilers, cylinders and other 
articles by electro-deposition on rubber or other per- 
manent cores, which are coated to render them conducting. 

Turning to the more conventional fabrication methods, 
one of the most interesting developments is the use of 
plastic mould materials for sand castings.'' Carborundum 


SEE. 


Tubular Radiator Element 
(partly sectioned) formed 
from firm solid copper wire. 


6 British Patent 421539. U.S. Patents 2058447 and 2058448, 
7 F. J. Kohlhass. Brit. Patent 465122. 

8 A. P. Thurston, Brit. Patent 461471. 

9 B. EB. Eldred. U.S, Patent 2048734. 

10 A, I, Wynne-Williams, Brit, Patents 469681 and 469689, 
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compositions, having much greater conductivity than cast- 
iron or steel chills, have been shown to be of considerable 
assistance in the production of certain castings where rapid 
cooling is necessary. 

The use of iodine for degasifying molten copper alloys 
has been suggested." 

Some interesting results are claimed for small amounts 
of calcium and other alkaline metals in the manufacture of 
alloys with constituent metals of widely different melting 
points as such additions assist in taking the higher melting- 
point constituents into solution. 


Some Modern Electrical Applications 

A development of interest to the electrical industry is 
that of a new type of copper-sheathed cable, the manu- 
facture of which involves quite revolutionary methods by 
comparison with those normally employed in cable manu- 
facture. Solid copper tubes of heavy gauge are filled with 
preformed magnesia blocks through which copper rods are 
inserted ; the assembled product is then drawn down by 
means of conventional types of drawbenches and annealed 
at suitable intervals. These intermediate anneals are carried 
out in controlled atmosphere electric furnaces, and pickling 
is avoided ; manufacture is thus in keeping with the most 
up-to-date ideas on production methods. The relative 
dimensions of the rods, magnesia filling and tube are 
retained in these drawing stages, the inner copper rods 
ultimately forming fine conductor wires, and the tube 
forming the outer sheath." For electrical distribution 
purposes, the outstanding features of the product are that 
it is quite fireproof, and if the fittings which are available 
are employed the whole system is also waterproof. The 
cable will withstand considerable deformation without 
breakdown of the insulation. 

Electric resistance welding has made rapid strides in 
the last few years, and to meet the need for electrode 
materials, which will give satisfactory service, a consider- 
able range of copper alloys has been developed by the 
specialist firms concerned with resistance welding. Hensel'* 
has recently reviewed the position in a general manner, the 
essential requirements of electrode materials being high 
electrical conductivity and retention of hardness and 
strength at high temperatures, together with resistance 
to pitting. The special alloys which have been developed 
include precipitation-hardening alloys and cold-working 
alloys which possess high annealing temperatures. Alloys 
based on the copper-chromium, copper-beryllium and 
copper-cadmium series have been widely used during the 
last few years, and a further recent suggestion is the copper- 
zirconium-cadmium series containing up to 5°, zirconium 
and 2°, cadmium"; these alloys possess good hardness 
and conductivity, and retain their mechanical properties 
at temperatures up to 500° C. Another recently-suggested 
alloy contains about 97—98-5°,, copper, 0-2—1°%, silver, 
1—1-75°,, cobalt, and 0-3—0-4°,, beryllium.'® 

Of great metallurgical interest also is the suggestion by 
R. 8. Archer’? to use copper-iron-phosphorus alloys for 
applications involving conductivity. If iron and _ phos- 
phorus are present in the proportion of about 4:1, and 
in amounts up to 2-5°,, the resultant alloys after working 
and heat-treatment have an electrical conductivity as 
high as 90°. In view of the harmful effects of small 
amounts of both iron and phosphorus upon the electrical 
conductivity of copper this result is very surprising and is 
entirely due to the complete precipitation of intermetallic 
compounds of iron and phosphorus out of solid solution by 
the heat-treatment processes. 


Fatigue Properties of Copper Alloys 
Cadmium copper continues to find increased use in 
electrical applications, and in a series of fatigue tests 
which have been carried out on cadmium-copper trolley 
FP. Hudson Metal Industry. 1937. §@. 573. 
United Wire Works, Ltd., and H. Lowndes. Brit. 
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wire for the British Electrical and Allied Industries’ 
Research Association, it has been shown that surface 
condition due to manufacturing influences has a most 
important effect, and that wire of the highest tensile 
strength does not necessarily show the best fatigue pro- 
perties.'* 

Kenyon'® claims to have obtained evidence of the 
superiority of the fatigue properties of oxygen-free copper 
over tough pitch copper, and has incidentally concluded 
that the effect of variations in surface condition due to 
manufacturing technique does not have such adverse 
effects on the fatigue properties of copper wire as with 
steel wire. The complete data have, however, not yet 
been published. 

Gough and Sopwith?® have shown that the corrosion- 
fatigue properties of a range of copper alloys—including 
aluminium bronzes and copper-tin bronzes—compare very 
favourably with those of the much more expensive stain- 
less steels, and are a marked improvement on those of 
straight carbon steels. 

Price and Bailey** and Greenhall and Gohn*® have 
determined the fatigue properties of various copper alloys 
in the form of rolled strip or sheet. One of the conclusions 
of Price and Bailey, which is not without some industrial 
significance, is that the fatigue properties of 95/5 copper- 
tin bronze are adversely influenced by additions of phos- 
phorus. The work of Greenhall and Gohn is outstanding 
in that it gives results relating to beryllium copper in various 
conditions of heat-treatment, while temper-hardening 
brasses containing nickel-silicide are also included. In the 
precipitation-hardened condition the endurance ratios of 
these alloys tended to be rather low, although the en- 
durance limits were superior to those normally obtainable 
by cold working only. 


Some other Mechanical Properties 


As instancing our present limited knowledge of the 
properties of the common everyday alloys, the paper by 
Cook** upon directional properties in rolled brass strip is 
outstanding. Besides providing a wealth of information 
upon the general mechanical properties of brass after 
various amounts of cold rolling, this paper deals with the 
influence of penultimate and final annealing conditions, 
with particular reference to grain growth and the develop- 
ment of directional properties due to preferred orientation. 

Consistent control of the grain size of alpha brasses has 
been one of the greatest difficulties experienced by manu- 
facturers within recent years, and the question is ag- 
gravated by unreliability of the composition of scrap 
material which must be absorbed in manufacture. Iron 
has an enormous influence in retarding grain growth charac- 
teristics, and within recent years several contributions 
have been made upon the influence of this element. Gonser 
and Heath** have recently shown that chromium also 
retards grain growth, and the evidence suggests that it 
might be a useful element for control purposes ; however, 
insufficient data is available for this element yet to be 
considered for aiding control of grain size of annealed 
brasses. 

It is now realised that the modulus of elasticity of 
materials is related to crystal orientation. McKeown and 
Hudson® have shown that Young’s modulus for copper 
varies with strain, and is also affected by low-temperature 
heat-treatment ; however, they did not find such wide 
variations in modulus as Phillips and Smith**, who reported 
last year the widely different figures of 13-4 x 10° Ib. 
per sq. in. for annealed copper, andI8 x 10° Ib. per sq. in. 
for hard-drawn copper. 


18 British Electrical and Allied Industries Research Association Technical Report 
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The creep occurring at ordinary temperatures with 
hard-drawn copper and cadmium-copper wires such as are 
used for overhead line conductors has been determined 
by the British Non-Ferrous Metals Research Association?’. 
When stressed to 75°, of their tensile strengths, wires of 
these two materials were found to creep at extremely low 
rates, approximately one-fiftieth of the rate encountered 
with hard-drawn aluminium wire. Extension due to creep 
results in a relaxation of the stresses present in certain 
types of structures, and Boyd?* has investigated the 
relaxation phenomena in copper wire at various tempera- 
tures. 
Copper Alloys for Corrosion Service 

With the ever-increasing severity of service conditions, 
the problem of providing materials suitable for exacting 
plant requirements, is continually before metallurgists 
and engineers, and nowhere ere the difficulties greater than 
in the case of materials for corrosion-resisting service. 
No sooner is some degree of satisfaction attained than 
the service conditions are made more severe, so that in 
effect the problems are never disposed of completely, 
more especially since price considerations are almost 
alweys paramount, and it is desired to use the cheapest 
possible alloy consistent with a fairly satisfactory service 
life. The connection between service life and cost has 
been especially apparent with the condenser tube problem, 
and a review of research progress in alloys for condenser 
tubes has been made by May.** 

During the last few years considerable attention has been 
given to the improvement of copper-base alloys by nickel 
and aluminium additions and, in general, various modified 
alloys containing additions of these elements are now 
preferred for severe service conditions. However, it has 
recently been conceded that brasses of higher copper 
and lower zine contents than usual, such as 85/15 and 
90/10 occupy quite a favourable position among the range 
of copper alloys, particularly for service with corrosive 
waters where impingement attack is not serious. This was 
one of the points made by Wilkins*® in reviewing the 
general behaviour of copper alloys in corrosion service. 
It would seem that these alloys, while not resisting cavita- 
tion or impingement attack, are entirely free from de- 
zincification. Duplex oil refinery tubes with 85/15 or 
90/10 gilding meta! for the water side and Admiralty brass 
for the oil-vapour side are claimed by Crampton*® to 
give the best results in certain plants. The development 
of such composite or bimetallic tubes promises to be of 
more extensive application ; in fact, steel tubes with 
copper or brass linings are already in considerable use in 
Germany, this movement having been officially encouraged 
by the economic conditions restricting the use of copper. 

It has long been recognised that arsenic additions of the 
order of 0-02°, to the conventional brasses are useful for 
overcoming dezincification, particularly of the plug type ; 
Crampton*! now suggests that antimony is equally effective 
and has a further advantage in that less intercrystalline 
corrosion is encountered than with brasses containing 
arsenic. The amount of antimony used in a series of tests 
was less than 0-1°,, and patent protection for antimonial 
brasses has been obtained. 

The marked attention which copper-nickel-aluminium- 
tin alloys are at present receiving in U.S.A. will be ap- 
preciated from two recent patents covering alloys of 
approximately 90°, copper, 2—5°, nickel, 2—3°%, alu- 
minium and 2—3°, tin.*% *4 

Improvements in the corrosion-resisting properties of 
copper-nickel alloys are claimed to be obtained by the 
addition of chromium, iron, vanadium and other elements* 
and already certain of these alloys are being subjected to 
service trials. 

27 British Non-Ferrous Metals Research Association, 
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Courtesy of Ontario Refining Co. 

A development of 1937 has been the large-scale production 

of vertically cast wire bars with double pointed ends. 
Photograph shows a group of such bars. 


Copper-silicon alloys may also have their corrosion- 
resisting properties modified by comparatively minor 
additions of other elements and, following the proposal 
to incorporate small amounts of cadmium, there now comes 
the suggestion to add aluminium, and the range of alloys 
of 0-1—3-5°, silicon and 0-1—0-75°% aluminium has 
recently been protected by patents.** The aluminium also 
confers improved hot-working properties, especially in 
the course of hot rolling and extrusion. According to 
Kaiser*? copper-silicon alloys are now being used ex- 
tensively in Germany in place of copper for boilers and 
other parts of hot-water plant, as, owing to the possession 
of good corrosion resistance and much greater strength 
than copper, it is possible to obtain an economy of material ; 
at the same time their good welding properties are an 
advantage. 

Aluminium bronzes have long been regarded as an 
extremely useful group of alloys for corrosion service, and 
they are now receiving more attention than hitherto ; 
general observations upon their corrosion-resisting pro- 
perties have been made in a recent review.** Particular 
use seems to have been made recently of aluminium bronze 
modified by nickel additions, as exemplified by an alloy 
containing 10°, aluminium and 5°, nickel; this alloy 
occupies a somewhat similar position to that of the nickel- 
containing alloys in the tin-bronze series, and is both 
stronger and possesses better corrosion-resisting properties. 

Interesting results upon the cavitation-erosion of both 
ferrous and non-ferrous alloys, as measured by experi- 
mental means, have been obtained by Kerr** and Mousson.*° 


Improvements in other Copper Alloys 

Free-cutting Copper Alloys.—Lead has for so long been 
regarded as a universal addition for improving the machin- 
ability of copper alloys, for which purpose it has the 
advantage of cheapness, that the use of other elements 
has not been considered worth while. Suggestions have 
now been made to use either tell!urium or selenium, although 
from a practical point of view this might not appear to be 
economically justified. Burghoff and Lawson‘ have 
reported that the machinability of brass, bronze and 
silicon bronze is improved by tellurium; in the case of 
the tin-bronze alloy (1-5°, Sn) an addition of 0-5°, 
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tellurium increased the machinability from 40°, to 125°), 


taking the machinability of free-cutting brass rod (60-7 Cu, 
3-3 Pb, 36-0 Zn) as being 100°,. Selenium additions 
to copper-base alloys have been proposed by the American 
Brass Company.” 

The improvements in the machinability of copper-base 
alloys by addition of lead and these other metals are 
attained at the expense of toughness. A recent claim is 
that the toughness of leaded brasses can be improved by 
the incorporetion of phosphorus in amounts of 0-15°, 
to 0-5°,, which at the same time increases the strength.” 
A related patent claims that similar additions of phos- 
phorus to the copper-zinc-tin alloys result in better spring 
properties and superior strength.“ 

While it has frequently been stated that lead should 
on no account be added to the copper-silicon alloys— 
particularly those to be used for casting purposes—it may 
be noted that leed additions to fabricated copper-silicon 
alloys, heve been suggested and protected by patents.” 
Within amounts of 0-1°, to 0-4°,, lead, the hot-working 
properties are claimed to be not unduly impaired, while 
machinability is considerably improved. 

Copper Beryllium Alloys.—These alloys are still to be 
regarded as of technical rather than commercial interest, 
since their high cost limits their application for most 
purposes. Following the incorporation of smal! amounts 
of nickel in the 2-25°, beryllium alloy, to improve the 
structure, it has now been claimed that iron achieves a 
similar result, while it also raises the recrystallisation 
temperature.** 

Comstock’? has recorded information upon the mec- 
hanical properties of copper-beryllium-titanium alloys in 
the form of castings, while a further paper contains results 
upon copper-beryllium-zirconium alloys.** 

Copper-Manganese Alloys.—Cadmium has been added 
to the copper-manganese series of alloys within a com- 
positional range extending up to 11°, manganese, 3°, 
cadmium.*® One somewhat unexpected feature of these 
alloys is that with such high cadmium contents, casting 
and fabrication is a relatively easy matter compared with 
that of the binary copper-cadmium series—for instance, 
it has been found possible to hot-roll alloys containing as 
much as 3°, cadmium. These a'loys exhibit precipitation- 
hardening characteristics. 

Copper-Tin Alloys.—it has long been realised that the 
fabricated copper-tin alloys are restricted to a narrow 
compositional range—usua!ly only up to 8°, tin—although, 
theoretically, it should be possible to fabricate a much 
greater range of elloys, since the limit of the alpha solid 


solution extends up to about 14°, or 16°, tin. By 
carefully eliminating gases in the molten metal, Lepp*® 


has succeeded in fabricating ingots containing up to as 
much as 14°, tin, it being possible to subject these to heavy 
amounts of cold working. Fabricated alloys of such high 
tin contents mechenicel properties somewhat 
superior to those of the usual range of bronzes, but it seems 
doubtful whether their employment on a large scale will 
be economica!!y justified, although for spring applications 
they have obvious advantages. 

Corson has found it possible to hot-forge a greatly 
extended range of tin bronzes by the incorporation of 
chromium and iron or vanadium and iron.*'. Normally 
the limit of the hot-working bronzes is about 3°{ tin, 
but by means of the above additions, in amounts of 2%, 
or so, the hot-working range is claimed to be extended 
up to 10%, tin. 

During this last year the manufacture of wrought 
chromium-tin bronze for bearing applicetions has been 
announced by one manufacturing concern in this country.*? 
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Compared with chill-cast phosphor bronze, the new alloy 
has about 25°, greater strength, and at least six times 
the ductility, while the Izod impact value is of the order 
of 60-65 ft. Ib., compared with 2-5 ft. Ib. for cast phosphor 
bronze. The bearing properties of the material are 
associated with the presence of an iron-chromium com- 
pound in an alpha copper-tin matrix, and this compound 
is stable and the bearing properties are unimpaired after 
heating to very high temperatures. 

Copper-Chromium Alloys.—The use of copper-chromium 
alloys for welding electrodes has already been touched 
upon, but the wider application of chromium-copper for 
castings, particularly for applications involving conduc- 
tivity, is envisaged in a recent patent.** It is possible to 
obtain almost double the strength of pure copper castings 
with little sacrifice of conductivity, and hence there are 
great possibilities for chromium-copper in the electrical 
industry. 

The properties of copper-chromium-beryllium alloys 
containing 0-4°,, Cr, and 0-1°, Be have been considered 
in some detail by Harrington.** While several American 
firms are marketing copper-aluminium alloys, sometimes 
containing other elements such as silicon, cadmium, silver 
and beryllium, there is at present little technical informa- 
tion available upon their properties. The principal feature 
of most of these commercial alloys is the possession of high 
electrical conductivity after heat-treatment, and the 
electrical industries are the most important users of the 
materials. 

Copper-lead Bearings.—While it seems to be well agreed 
that a copper-lead alloy (often termed lead-bronze) on 
a steel backing provides an excellent bearing material for 
high-speed engines, the production of such bearings is 
costly and has given rise to technical difficulties in certain 
instances. Fetz®® has succeeded in producing steel-backed 
lead-bronze bearings from powder mixtures, and this 
appears to have promising possibilities. 


Some Recent Industrial Applications 


Welding of Copper Alloys.—One of the features of industrial 
processes in modern times has been the application of new 
joining methods, notably welding. 

Copper a'loys, on account of their excellent conductivity, 
are a'most invariably used as electrode materials in electric 
resistance welding ; this has given rise to problems which 
have already been touched upon in this review, and to meet 
which new or modified alloys have been developed. 

The welding of copper alloys has itself provided many 
difficulties, and the present position of welding practice 
cannot be regarded by any means as final. Hignett®* 
has indicated general directions along which research 
might be prosecuted, while, in order to provide a basis for 
future work by the American Welding Society, Hook*? 
has compiled an excellent summary of the present 
position of welding copper alloys. The spot welding 
characteristics of copper-base alloys have also been 
considered .°* 

Use of Copper for Moulds and Stools.—This development, 
which now dates back several years, has continued to make 
further progress, and for the casting of steel and other 
ingots more recent experience has confirmed that the 
use of copper bottom plates and stools, and in some cases 
copper plugs, leads to more rapid cooling, with consequent 
decreased segregation of impurities, and sounder ingots. 
Composite copper stools built up of a series of flat cakes 
arranged vertically have been proposed®* while another 
patent obtained this year relates to improvements in the 
use of copper plugs for the base of the Gathmann mould.*° 
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Developments and Applications of Acid- 


and Heat-resisting Steels 
By Dr. W. H. Hatfield, F.R.S. 


Director, Messrs. Firth-Vickers Stainless Steels Limited. 


The production of corrosion- and heat-resisting steels has increased very rapidly in recent years from very 


small dimensions to a specialised industry of major importance. The growing field of applications 
of these steels is discussed and reference is made to a steel specially adapted for turbine blading. 


WO years ago, I gave an account of the history, 

I development, and general properties of the most 

important rust- acid- and heat-resisting steels avail- 
able at that time.* Since that date there have been no 
radical changes or innovations in the field of corrosion- 
and heat-resisting steels, in the sense that the various types 
of steel which I then described are still the most important 
steels available. It should be understood, however, that 
whilst these remarks are essentially true as regards steels 
which are commercially available, that is, being made 
regularly in considerable quantities, nevertheless, constant 
research work is being carried out with a view to improving 
these existing steels and with a view to discovering other 
steels with superior properties. Furthermore, as a result 
of such research work, it can be claimed that new steels 
with improved properties in special directions have actually 
been introduced in the last two years. 

One example, resulting from work carried out at the 
Research Laboratories of Messrs. Firth-Vickers Stainless 
Steels, Limited, is a steel specially adapted for turbine 
blading, and for other work involving resistance to corrosion 
and stresses at elevated temperatures. This particular 
steel combines excellent resistance to corrosion with 
resistance to oxidation, together with high * creep” 
resistance at the highest steam temperatures, at the same 
time possessing mechanical properties which permit of 
its being manipulated and fabricated into plant without 
undue difficulty. 


Increasing Demand 


It can be truly said that the past two years have seen 
an unprecedented and increasing demand for these special 
steels in industry generally, and whilst, no doubt this great 
expansion in their general application has followed the 
upward trend of general business during the past few years, 
it is becoming more and more realised that these steels, 
in spite of their relatively high initial cost, are of great 
practical use and give a life-cost ratio which is economical. 

Having said so much, it is not surprising therefore, to 
know that during the past two years, the demand for 
corrosion- and heat-resisting steels has increased to such 
an extent that Messrs. Firth-Vickers Stainless Steels 
Limited, who are the only large firm devoting the whole of 
their plant and resources solely to the production of these 
steels, have expended and are still expending considerable 
sums of money in extensions of plant in order to keep 
ahead of the growing demand. In this connection, it 
should be remembered that the properties and requirements 
expected from these steels are such that it is not possible 
nor desirable to relax any of the carefully controlled 
technique or stringent inspection to which they are subject 
during manufacture and on which their ultimate success 
in scrvice to a large extent depends. It will be realised, 
therefore, that whilst the manufacturers are constantly 
improving methods and plant whereby production can be 
increased, this has to be done without any depreciation 
in quality of the product. 

It may perhaps be of interest to indicate directions in 
which modern corrosion- and heat-resisting steels are being 
applied in the various industries of the country and the 
following remarks and examples will serve to indicate 
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how these steels have come into their own, and I think 
it will be agreed that this generation has seen the dawn of 
the corrosion- and heat-resisting steels era. 


Some Applications in the Chemical Industries 


It is to be expected that the corrosion-resisting steels, 
in particular, have a wide field of application in the chemical 
industries of the country. Whereas in the manufacture 
of hydrochloric and sulphuric acids there ‘s little scope for 
these steels, they are being used very extensively in the 
manufacture of nitric acid by the ammonia oxidation 
process. Oxidiser coolers, absorption towers, storage 
tanks, pumps, pipe lines, valves, transport tanks and many 
other items of plant which come into contact with the acid 
are being made in Staybrite F.D.P. steel. 

Again, considerable use is being made of these steels in 
contact with mixed nitric and sulphuric acids for the 
manufacture of nitro-cellulose and allied products. 

Acetic acid is one of the most important organic acids 
and whereas the 18 chromium/8 nickel type of steel is 
used successfully in contact with this acid, at all concentra- 
tions at ordinary temperatures, it is essential to use the 
18/8 type of steel with the addition of about 3% molybdenum 
for resistance to strong solutions of acetic acid at or near 
boiling point. Use is being made of these steels for the 
production of artificial silk where acetic acid solutions are 
involved. 

Resistance of these steels to stearic, oleic and other 
fatty acids at high temperatures renders them useful in 
the manufacture of soap and cosmetics. 

Staybrite steel is also fully resistant to the action of 
carbolic, picric, pyrogallic, cresylic, sebacic and tannic 
acids. 

Alkaline solutions, as distinct from various acids referred 
to above, are much less corrosive to most materials of 
construction. For example, to solutions of ammonia and 
the alkaline carbonates, all the corrosion-resisting steels 
are quite resistant up to and including the boiling point. 
With regard to solutions of caustic soda and caustic potash 
these do not effect the 18/8 type of steel except in the case 
of strong solutions at or near boiling point but the attack 
of molten caustic soda or potash even on these special 
steels is very considerable. 

In the production of ammonium sulphate for fertiliser 
purposes considerable quantities of the 18/8 type of steel 
are used where the ammonium sulphate is produced from 
synthetic ammonia as distinct from the ammonium sulphate 
which is produced as a gas works by-product. The useful- 
ness of the steel is determined by the free acidity (sulphuric) 
and the temperature involved, and care has to be exercised 
in the case of the gas works by-product, in view of the 
presence of appreciable amounts of free sulphuric acid. 

The 18/8 and 18/8 +- molybdenum steels are used with 
considerable success in plant for the digestion of wood 
pulp. Complete digester vessels have been made up by 
welding, whereas digester accessories, such as liners for the 
inside of the digester head, valves, bottom bowls, and 
strainers, together with pump, pipe fittings, and relief lines 
have been used with success. Also blow-pit bottoms, 
where the pulp is blown out of the digester and where the 
pulp is separated from the waste liquor, together with the 
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washing pit and screens for removing dirt and uncooked 
knots of wood, and other items of plant offer scope for 
these special steels. In the refining of the pulp, which 
process involves the addition of size in the form of 
aluminium sulphate and Rosin scap, beater and refiner 
bars, and bed plates, as well as retaining rings, have given 
good service both as regards resistance to abrasion as well 
as to corrosion when compared with ordinary steel or 
bronze. Staybrite steel is being employed for pumps, 
pipes and pipe fittings dealing with the waste liquors as 
well as fer trays and tanks containing the pulp prior to 
passing it over the four drinier wires for drying. As the 
paper nears the final stage of production, the importance 
of cleanliness and freedom from contamination by corrosion 
products which might stain the paper, increases. Staybrite 
steel is accordingly used for the pipe sprays in the strainers, 
for doctor blades, for breast aprons, and other equipment, 
whilst the 13 per cent. chromium stainless steel, has been 
employed for construction of the drying rolls. 

Staybrite steels have found extensive use in the field 
of fine chemica!s and pharmaceutical products. In this 
connection, it will be appreciated that whilst it is necessary 
for the steel to withstand the various corroding agents 
it is also highly necessary that the products made and 
contained in the vessels shall suffer no metallic contamina- 
tion whatsoever, and it is of interest to know that one of 
the largest manufacturers of drugs and pharmaceutical 
products, after very careful and extended tests with the 
steel, installed a large number of storage tanks with 
associated pipe line, valves, and cocks, steam jacketed 
pans, mixing vessels, and crushing and tableting machinery. 


Applications in Engineering Industries 


Turning now from the chemical industry to the various 
engineering industries, here, again, is a large scope for the 
corrosion and heat-resisting steels. In power plant, grates, 
and mechanical stoker parts in coal-fired furnaces, and 
nozzles and deflectors in oil-fired boilers are instances 
where the advantages of heat-resisting steels are apparent. 
Superheater tube supports and tube spacers are an instance 
where the steel has to withstand high stresses at elevated 
temperatures and for this purpose the austenitic chromium- 
nickel and chromium-nickel-tungsten heat-resisting steels 
are being used very considerably. Auxiliary plant operated 
at high temperatures for which heat-resisting steels are 
now being more and more employed, include fans, soot 
blowers and recuperators. For steam valve parts and 
feed pumps considerable use is being made of the S80 
type of stainless steel. 

In hydraulic engineering plain chromium stainless steel 
is used for cast pelton buckets and various water turbine 
runners and deflectors. For this latter purpose the steel 
possesses two essential advantages; firstly, it is rust- 
resisting, and secondly, it possesses excellent resistance to 
erosion and “ cavitation.’ The same steel is also used for 
auxiliary parts such as valves, meter parts, and sluice 
fittings, whilst a special application of interest has been 
the use of Staybrite steel fittings for lining the calibrating 
throats of a new large reservoir in Derbyshire. The use of 
stainless steel is not confined to hydro-electric power 
preduction plant but also embraces sluice gates for 
reservoirs, as well as such items as dock gates hinges, and 
fittings in harbour works. Pump spindles, cast stainless 
steel impellers, pump castings and valves are now widely 
manufactured in stainless steel with obvious advantages. 

In marine engineering an important application for 
corrosion- and heat-resisting steels is in the steam-raising 
plant and turbines. For some years now a very consider- 
able tonnage of corrosion-resisting steels has been used for 
turbine blading for both land and marine turbines, and I 
have already made special! reference to a new steel which 
has been introduced for turbine blading. Stainless steel 
is being used on boerd ship for valve parts and pump 
spindles, for feed pumps, and injectors, whilst Staybrite 
steel is being used for bilge pump fittings. On deck, 
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Staybrite steel is being used for stanchions, storm rails, 
and other bright parts. Below deck it is employed fairly 
extensively because of its durability and decorative appeal. 
No less than 20 tons were employed in the kitchens and 
pantries of the Cunard-White Star Liner Queen Mary. 

Corrosion-resisting steels are finding very increasing 
application in the textile industries, and in particular for 
dyeing equipment. Indeed, Staybrite steel is one of the 
most widely-used materials for the construction of all kinds 
of dyeing plant and equipment. The steel exhibits 
excellent resistance to the majority of acids and other 
reagents used in dyeing processes, and, therefore, prevents 
damage by metallic staining to the fabric which is being 
dyed. It a!so prevents loss of brilliance or change of shade 
by contamination of the dye solutions. Besides the dye 
vats themselves other details such as winches, rollers, 
steam pipes, valves, pumps, buckets, bowls and meastres, 
are made in corrosion-resisting steel. Apart from the dye 
works, hard cold-rolled Staybrite steel has proved a useful 
material for doctor blades in celico printing and the same 
steel is used for wool-scouring equipment. Staybrite steel 
has also become an important factor in the construction 
of plant for the manufacture of rayon. 


Uses in Aircraft and Automobile Industries 


During the past year or two, the aircraft and automobile 
industries have become more and more alive to the advan- 
tages to be obtained from the use of corrosion and heat- 
resisting steels. Stainless steel was first employed in the 
airframe in 1920, but it was not until 10 vears later that 
its use became appreciable. The 12 to 14% chromium 
steel is used in the form of solid drawn tubes for tubular 
members, whereas the S80 type of steel is extensively 
used in the form of stampings and bar and for general 
machined fittings. The steels most widely employed in 
the sheet and strip form are those of the Staybrite steel 
group, either in the soft condition for low stressed fittings, 
or a hard cold-rolled condition for highly stressed fittings. 
Whilst there is litthe demand for corrosion-resisting steels 
in the power unit of the aeroplane, except for such items 
as pump spindles, and control rods and levers, there is a 
definite demand for heat-resisting steel for exhaust mani- 
folds and pipes, and also, of course, for the valves. As 
regards the latter item, the austenitic chromium-nickel- 
tungsten steels are very much favoured. So far as the 
automobile industry is concerned, the most important 
application in the engine, apart from the use of heat- 
resisting steel valves, is for water-pump spindles. On 
the other hand, however, there is an increasing use of 
corrosion-resisting steel for bright parts, such as lamp 
bodies, radiator shells, hub caps and all manner of metal 
fittings and trim. In this connection, it might be mentioned 
that there is also a definite increase in corrosion-resisting 
steel for bright parts on motor buses, tram cars, and tube 
trains. 

Miscellaneous Applications 


Of recent years the glass industry has appreciated the 
advantages to be gained from the use of heat-resisting 
steels. Several of the different types of heat-resisting 
steels are being used in considerable quantity for glass 
moulds, whereas these steels are also being used for parts 
of glass-moulding machinery, such as plungers and neck 
rings, and also for glass-blowing irons. In the glass 
annealing furnaces, gas and oil burner nozzles, furnace stay 
bars and various parts of the carriers which support the 
giass in the furnace, are being used in heat-resisting steels. 

It has been found that the use of stainless steel facilitates 
the production of soap of perfect purity and good 
appearance, and the steel is being employed with advantage 
in the soap industry. It is being used for the lining of the 
upper section of large boiling kettles, as well as for the lids 
for these boilers. In this way the formation of a dirty 
scum which might contaminate the soap is avoided, in 
addition to the fact that by the use of a stainless steel, 
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corrosion of the kettle about the water line is prevented. 
Staybrite steel is also used for boiling pans by certain 
manufacturers of shaving soap, whilst cooling frames and 
plodders are constructed from the same steel. Rollers and 
blades of milling machines are made of the plain 12 to 
14°, chromium stainless steel whilst the S.80 type of 
stainless steel is used for extruding dies, stamping dies 
and moulds. 

Large photographic developing and printing concerns, 
cinematograph processing laboratories and hospital X-ray 
plants are making use of corrosion-resisting steel for 
storage vessels and processing tanks and trays for use with 
developing and fixing solutions. The steel is also being 
successfully used for glazing drums as well as for the 
construction of photo-etching machines for the production 
of half-tone blocks, using dilute nitric acid as the etching 
reagent. 

In surgical and hospital work the plain 12 to 14%, 
chromium-stainless and the austenitic chromium-nickel 
Staybrite steels prove invaluable for innumerable purposes. 
The 12 to 14% chromium stainless steel is used for the 
manufacture of instruments. It is hardened and tempered, 
the temper depending upon the type of instrument; for 
example, cutting instruments are only very lightly tempered 
whereas instruments requiring a combination of toughness 
and springiness such as forceps, are given a greater amount 
of temper. Staybrite steels are used for a!l manner of 
articles such as bowls, jugs, cans, trays, etc., and for the 
construction of tables and trolleys. The corrosion-resisting 
steels not only withstand the majority of chemical reagents 
used in the hospital but they are not damaged by sterilisa- 
tion and constitute a thoroughly hygienic material for 


the purpose. 


Bright Annealing 
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The brewing and allied trades as well as the dairy 
industry and other branches of food industries have not 
been slow to realise the advantages to be gained by using 
a steel which, besides not being effected by the products 
in contact with it, does not itself produce contamination 
of the product. This latter feature is of great importance, 
particularly having in mind the stringent health regulations 
in existence for all manner of food products. A number 
of the large brewers are using Staybrite steel for mashtun- 
plates and covers, hop back plates, fermenting vessels and 
storage ranks ; also yeast barrels and utensils ; beer drums 
and transport tanks have all been made in Staybrite steel 
and have successfully withstood the test of time. In 
restaurants and licensed houses many thousands of feet 
of pipe line are installed for conveying the beer from the 
cellar to the bar. As regards the dairy industry very 
extensive use is being made of corrosion-resisting steels for 
all types of plant such as rail and road transport tanks 
(up to 3,000 gallons capacity), weighing and receiving 
tanks, pasteurisers, heat-exchangers, coolers, and bottling 
machines ; for condensed milk plants and milk powder 
plants, for cream tanks, separators, cheese vats, starter 
cans, curd trays and knives. Staybrite steel is largely 
employed in the ice cream industry, in the freezer plant 
itself and for cabinet tops as well as for soda fountain 
equipment. 

Finally, it is almost unnecessary to refer to the extensive 
use of Staybrite steel for architectural and decorative 
purposes, as well as for general domestic use. 

In conclusion, it will be seen that the production of 
corrosion- and heat-resisting steels has grown rapidly from 
a very small beginning to a specialised industry of major 
importance. 


The development of bright annealing processes and their industrial application within the last few years 
has been remarkable ; considerable interesi, therefore, is attached to theremarks by several speakers 
in an open discussion on the subject at a recent meeting of the Midland Metallurgical Societies. 


and Mr. E. C. Rollason, who opened the discussion, 

devoted a little time to gas-metal reactions. One 
characteristic of a metallic oxide was considered first—that 
oxidation of a metal was a reversible reaction, for example— 

2Cu, O = 4Cu + O, 

and the copper oxide could be considered to exhibit a 
certain pressure of oxygen, known as the dissociation 
pressure of the oxide. This dissociation pressure increased 
with temperature, and the stability of the oxide decreased. 
The partial pressure of the oxygen in the atmosphere was 
0-2 atmospheres, and when the dissociation pressure of a 
metallic oxide exceeded 0-2 atmospheres, the oxide decom- 
posed into metal plus oxygen, and there was then a reducing 
reaction. Noble metals had high dissociation pressures, 
and upon heating to quite low temperatures, the dissociation 
pressure exceeded 0-2 atmospheres and the oxide decom- 
posed. Silver and gold, therefore, could be bright annealed 
in air. The decomposition of mercuric oxide by heating 
was familiar to everyone who had studied chemistry. 
Copper could be bright annealed in an atmosphere of steam, 
because the dissociation pressure of copper oxide was 
fairly high relative to the dissociation of steam at the 
annealing temperature. 

When annealing metals whose oxides had low oxygen 
dissociation pressures, for instance, stainless steel, the 
amount of steam present in the atmosphere must be low, 
otherwise the water vapour in excess of that required by 
the equilibrium conditions would dissociate, forming 
metallic oxide. 

At study of gas-metal equilibria was helpful in showing 
the direction of changes in bright annealing atmospheres, 
both at the annealing temperature and during cooling. 


| @ subject of bright annealing is a very wide one, 


The gaseous atmosphere must be non-oxidising during 
cooling to a temperature at which surface oxidation would 
not occur—i.e., in the region of 70° to 150°C. As the 
temperature fell, the dissociation of the metallic oxide 
decreased, and the reaction velocity decreased. The metal 
may become oxidised, and the temperature may be so 
low that reduction could not occur. Practically all the 
reactions connected with bright annealing of metals were 
reversible, and the direction of the reactions depended 
upon temperature, the amount of the reactants present, 
and the effect of any catalytic action. Equilibrium values 
for gas composition would predict the behaviour of metals 
in a prescribed atmosphere. 

Mr. A. G. Robiette said that about three to four years 
ago we were considerably behind American and Continental 
practice, but to-day, in this country, many of the more 
difficult problems had been solved with which overseas 
friends were still grappling. 

Atmospheres for bright annealing were generally pro- 
duced from one of three sources—namely, ammonia, coal 
gas or other hydro-carbon, and charcoal. Cracked or 
burnt ammonia would bright anneal, in suitably designed 
plant, practically every ferrous and non-ferrous metal. 
Burnt ammonia had the advantage that it was an extremely 
pure nitrogen-hydrogen mixture, which was non-explosive 
and non-toxic. Partially burnt towns-gas, subsequently 
purified to remove sulphur, had‘ had quite a considerable 
application, and this gas, when suitably controlled in 
composition, would bright anneal many non-ferroys metals 
and mild steels. This gas, however, would not bright anneal 
any of the alloys containing readily oxidisable constituents, 
such as zinc, chromium, or manganese. This, of course, 
was due to the carbon dioxide content of these gases, the 
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CO, being decomposed by any large proportion of these 
metals. The composition of this gas mixture could be 
varied within fairly wide limits, and may contain up to 
14°, hydrogen, 12°,, carbon monoxide, up to 12°, carbon 


‘dioxide, the remainder being mainly nitrogen. This gas 


mixture was intrinsically cheap and had the virtue that 
coal or towns-gas was generally “on tap.” It could 
therefore be used fairly liberally, but had certain disad- 
vantages in that it was toxic, unless burnt, and contained 
traces of sulphur, whilst it did not give such a long life 
to furnace parts made of nickel-chrome alloy. CO/CO, 
mixtures generated from charcoal were very useful for high 
carbon steels, and when they were suitably controlled it was 
easy to prevent decarburisation during forging, hardening, 
and annealing. 

The easiest group of metals to bright anneal were standard 
silver, copper, and copper containing only small alloy 
additions. Almost any atmosphere containing no trace of 
oxygen was suitable, since these metals did not decompose 
water vapour or carbon dioxide. Partially burnt coal gas, 
approaching complete combustion, was used and also burnt 
ammonia. For tough-pitch copper, the temperature of 
annealing must be kept reasonably low and/or the amount 
of hydrogen had to be curtailed to a figure of less than 5°. 
This was to avoid gassing. Nickel and _nickel-copper 
alloys required a higher content of reducing gas and 
partially burnt coal gas, and ammonia were both used. 
In view of the fact that some of these alloys, such as Monel, 
were extremely corrosion-resistant, and therefore difficult 
to pickle, the practical importance of bright annealing 
need hardly be emphasised. 

Mr. Robiette then referred to the zinc-containing alloys, 
such as the nickel silvers and brasses. The low-zine 
nickel silvers, he stated, were being bright annealed in 
burnt coal-gas mixtures, but burnt ammonia, preferably 
with a hydrogen content of, say, 10 to 15°, and dried over 
activated alumina or silica gel, would bright anneal 
practically all the brasses and nickel silvers. Cracked 
ammonia would also bright anneal these alloys, but was, 
of course, too expensive to employ economically except 
under certain special conditions. In continuous furnaces, 
volatilisation of zine did not occur to any extent owing to 
the short time factor. In batch type furnaces, successful 
results could be obtained with a stationary atmosphere, 
which reduced zine loss to a negligible amount, but it was 
essential to remove lubricants more or less completely. It 
was only a couple of months ago that he had seen state- 
ments in the American Press to the effect that the bright 
annealing of nickel silvers and brasses was not yet a 
practical possibility. We had, in this country, been doing 
it for some time without any difficulty whatever. 

Nickel-chrome alloys and stainless steels could be bright 
annealed in extremely pure gases, and cracked ammonia 
was mainly employed. It was interesting to note that for 
the bright annealing of stainless steel, the only plant in 
the world which had yet been successfully designed for that 
process was in operation in this country. Altogether, 
three furnaces had so far been built, and several more were 
now under construction, including some for export. Mild 
steels could be bright annealed in burnt coal gas, but results 
were obtained with more consistency and with a rather 
better finish in burnt ammonia. Both gases were used in 
practice in bell and continuous furnaces, and hundreds of 
tons of mild steel strip, wire, tubes and pressings were now 
being treated daily in this manner. Carbon steels require 
to be annealed under conditions which avoided decar- 
burisation and controlled CO/CO, mixtures produced 
from charcoal were being used very successfully for this 
purpose for wire and strip. 

Dr. J. L. Pearson said his remarks would be confined 
to the use of a nitrogen-hydrogen atmosphere for bright 
annealing, but it was as well to consider first what bright 
annealing actually was. In the bright annealing of a metal 
it meant that if this metal had a bright finish when it was 
put into the furnace, it should come out with as bright a 
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finish as when it went in. His experience, however, had been 
that when a person installed a bright annealing furnace, 
he often expected that it would be capable of doing that 
and even more, because he seemed to expect that metal 
which was dirty when it went into the furnace should 
come out of it quite bright. 

What were the conditions which the atmosphere of a 
furnace should maintain ? It should be non-toxic and non- 
explosive, it should be a simple gas, a pure gas, or a mixture 
of simple gases, the constitution of which should be such 
that it could react with the metal with which it came into, 
contact. It should be free from sulphur, as that would 
affect the metal, and also the heat-resisting parts of the 
furnace, also it should be free from oxygen, and it should 
be applicable to most or all metals. It should also be 
capable of being generated or controlled easily, and lastly, 
it should be as cheap as the industry could afford to pay. 

Nitrogen mixed with a little hydrogen would satisfy 
all these conditions. It had been said, however, that this 
atmosphere was beyond the limits of possibility, because 
the plant required was costly. Practically all investigators 
had turned their attention to cheap materials which pro- 
duced atmospheres not satisfying the conditions, but that 
line of work was not correct. It neglected the hypothesis 
that there may be some method by which the nitrogen- 
hydrogen atmosphere could be produced at an economical 
cost. Imperial Chemical Industries, Ltd., had been very 
interested in this, because of the fact that ammonia was 
involved, and a considerable amount of very careful 
and painstaking investigation had been done on the subject. 
They had satisfied themselves that a nitrogen-hydrogen 
atmosphere would satisfy all the conditions, so that the 
problem became one only of the reduction of cost. That 
had been successfully accomplished. They could now 
produce ammonia to a purity of 99-995 to 99-998%. 
This gas was absolutely free from oxygen, and by that 
he did not mean just measurably free, but absolutely 
free, and it was also quite dry. 


Opacifier that Improves Enamels 


RECENT researches have shown that the beneficial influence 
which stannic oxide exerts on the properties of enamels 
when used as an opacifier is not confined to one or two types 
of enamel, but applies to practically the whole field of 
possible enamels. A paper entitled ‘‘ Stannic Oxide as 
Opacifier in Wet Enamels ” was read by Dr.-Ing. Ludwig 
Stuckert recently before the Institute of Vitreous 
Enamellers, and carries on the work published by him 
last year. He then showed that stannic oxide, besides 
being outstanding in respect of its opacifying action and 
stability towards firing, gives important improvements in 
the coating power, bending strength, thermal resistance, 
and acid resistance of two enamels. As the range of 
enamels is too wide, it was unsafe to generalise results 
obtained for two only, and the present investigation has 
demonstrated that they are valid for most enamels. 

Within each group of enamels rigid conclusions can be 
reached, but they are not always applicable from one group 
to another. It is possible to explain the phenomena shown 
by the different enamels and to connect certain regularities 
with the type of ename!. In all the series of enamels, 
stannic oxide, as a mill addition only, exerts a favourable 
effect on the properties of the enamels. The limits of this 
favourable influence have been fixed, and certain regularities 
in its increase and decrease within the individual series of 
enamels have been noticed. 

The present report published by the International Tin 
Research and Development Council, for whom the work 
was carried out, contains full details of the experimental 
methods employed, tables of the compositions of the 
enamels used and full experimental results. 

Copies of the above publication may be obtained free of 
charge from the International Tin Research and Develop- 
ment Council, Manfield House, 378, Strand, London, 
W.-C. 2. 
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Considerable progress has been made in recent years in the development of high tensile steels for 


constructional work, in which higher alloy contents are a feature. These 
the application of heat-treatment to secure optimum properties. 


steels necessitate 
Development has also been made 


with mild structural steels with the object of obtaining improved properties without heat-treatment and 


in which cheaper alloy elements are used. 


tensile strength in steels for constructional work, 
technical literature during recent years has been 
abundant in references to the development of steels of 
higher alloy contents to meet such demands. Attention 
has been directed mainly to alloy steels, which require to be 
hardened and tempered to secure optimum properties. 
There is, however, another field of development confined 
to mild structural steels, where the improved properties 
must be obtained without the application of heat-treatment. 
It has been common practice in the past to produce 
large tonnages of ordinary mild steel without any special 
attention being paid to the quality and for certain purposes 
this low-priced product has given satisfactory service. 
The steel was generally made from low-grade raw material 
in melting furnaces of large capacity, maximum production 
being given first consideration. In order to reduce discard, 
the steel was made of the type tending to form blowholes 
rather than to pipe, whilst insufficient attention was paid 
to the manufacturing procedure to ensure favourable 
location of the blowholes relative to the surface of the ingot. 


T consequence of the continual demand for higher 


Influence of Manufacturing Technique 
on Steel Quality 


Much improvement in steel quality has resulted from 
strict attention to the technique of manufacture from the 
point of view of selection of raw material, melting con- 
ditions, finishing additions, and casting temperature. In 
the manipulation of the ingots of the better quality mild 
steels, particular attention is paid to the time and tempera- 
ture of soaking prior to the rolling of the blooms and slabs. 
The final plates or sections are also carefully rolled and 
finished at a suitable temperature, thus obtaining a product 
giving properties identical with those of a normalised 
steel. 

Finishing temperature of rolling has a marked effect 
on the mechanica! properties, and control of this tempera- 
ture affords a convenient means of improving, within 
certain limits, the properties of structural steel plates and 
sections. Finishing rolling at abnormally high temperatures 
results in a product lacking in general ductility, with low 
values for limit of proportionality or proof load. If the 
rolling is continued to a temperature below normal, the 
tensile strength and yield ratio of the steel are both in- 
creased, but the lower limit must be carefully controlled 
to avoid excessive loss of ductility, particularly when 
tested across the grain. 


Phenomenon of Ageing 


Reference might be made at this stage to the phenomenon 
of ageing as related to mild steels of the type under con- 
sideration. These steels have been found to be susceptible 
to variable degrees of age-hardening after rapid cooling 
from temperatures just below the Ac, range, the hardening 
being accompanied usually by embrittlement. The degree 
of age-hardening is to be related essentially to the carbon 
content, the maximum effect being obtained within the 
range 0-04 to 0-10°% carbon. The effect decreases in the 
presence of higher carbon, and becomes very slight when 
the carbon exceeds 0-30°,. The degree of embrittlement 
accompanying this hardening is probably associated with 
the degree of de-oxidation of the steel. 


It is this latter field of development which is discussed. 


With regard to strain-age embrittlement, this is definitely 
to be related to the degree of deoxidation of the steel. 
Suitably deoxidised steel, in spite of increased hardness 
due to straining, does not suffer material loss in ductility 
on ageing. 

Increasing Manganese Content 

Prior to the development of high tensile structural steels, 
the main requirements were met by a mild steel giving 
tensile strength between 26 and 33 tons per sq. in. The 
demand for steels to give greater strength—up to about 
37 tons per sq. in. was origina!ly met in this country by 
increasing the carbon content. This naturaliy was accom- 
panied by some loss in ductility, but it was considered that 
the loss was insufficient to affect the suitability of the 
material for use for most structural purposes. It was soon 
realised thet by increasing the manganese content instead 
of the carbon content, the desired increase in tensile 
strength could be obtained without loss in ductility, and 
the next stage was the development of structural steels 
of still higher tensile strength—over 37 tons per sq. in.— 
by increasing the manganese content. The trend towards 
appreciably higher menganese contents was gradual, and 
it took many years for suppliers to reach the present-day 
limit of about 1-8°%%. 

Deterioration in the properties of the steel is found to 
occur when the manganese content exceeds a certain 
limit dependent on the carbon content. This deterioration 
is due to the air-hardening tendencies induced by the high 
manganese content. The permissible high limit of man- 
ganese must in consequence be adjusted to suit the carbon 
content and should fal! from about 1-8°, for a steel 
containing 0-2°,, carbon to 1-4°, with 0-35°% carbon. To 
exceed these limits would involve the risk of appreciable 
air-hardening in }in. plate, though with thicker plates, 
a slightly higher manganese content would be permissible, 
The range of analysis covered by the above limits represents 
the carbon and manganese contents in present-day use 
for high tensile structural steel plates and sections of the 
high manganese type, which comply with such specifications 
as B.S.S. 548 calling for 37 to 48 tons per sq. in. tensile 
with minimum yield-point of 23 tons per sq. in. and 18%, 
elongation on 8 in. 

Steels of this high manganese type are to all intents and 
purposes as easily manipulated as mild steels, and have 
become standardised for general utility structural purposes 
where high tensile strength is the primary consideration. 

During the development of these high manganese 
structural steels, many other types of low alloy steels 
found application for structural purposes. 


Additions of Nickel 

Most of the demand for stronger steels in bridge con- 
struction, particularly in America for long-span_ bridges, 
was met by additions of nickel, one of the best examples 
of the pre-war period being the Quebec Bridge. An 
investigation carried out by the Austrian Government 
Commission about 1913 indicated that the increased cost 
of nickel steel was justified in the case of exceptional! 
long-span bridges. 

The advance in the price of nickel since the war has 
acted as an impetus to steel suppliers to put forward 
alternative steels at lower cost. Low carbon nickel steel 
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containing 2 to 3°, nickel, has found a wide field of applica- 
tion for boiler construction, ductility conbined with 
medium tensile strength and complete freedom from any 
type of embrittlement in service being the important 
requirements in this instance. 


Influence of Silicon 

The influence of silicon in raising the tensile strength of 
mild steel is well known and high silicon mild steels have 
been employed in many instances in the construction of big 
liners and large bridges. This type of steel received much 
attention in Germany and usually contained 0-1°,, carbon 
with 0-5 to 1-5°, manganese and 0-6 to 1-5°,, silicon. 
The tensile strength of this material was normally between 
30 and 35 tons per sq. in. 

High silicon steels also received considerable attention 
in America, but the tendency was soon evident towards 
lowering the silicon content and raising the manganese 
content, though interest in the higher silicon types has been 
revived recently by the introduction of the ** Cromansil ” 
series of steels. 

Low carbon steels containing 1°, silicon have been 
made and successfully manipulated in this country, but 
with higher carbon contents, trouble was experienced in 
the rolling of plates and sections. 


Copper-Chromium Steel 

Similar difficulties were encountered in Germany in the 
manufacture of plates of high silicon steel with carbon 
content sufficiently high to give tensile figures of the order 
of 35 tons per sq. in., and attention was devoted to alter- 
native types of steel. As a result, a copper-chromium 
steel of the following approximate analysis was developed ‘ 
Carbon 0-15 to 0-18% 


0-8% 
0-5 to 0-8% 
0-4°% 


This steel was found to possess mechanical properties 
superior to those of a high silicon steel of similar carbon 
content, and offered distinct advantages in its behaviour 
during manufacture and manipulation. Like other German 
steels, it had a lower tensile strength than the normal high 
tensile structural steels of this country, but it was found 
that with some adjustment of the copper and chromium 
contents, together with an increase in carbon content, 
this type of steel could be made to meet the requirements 
of BSS 548. 

Though the copper chromium steels were introduced 
originally on account of improved mechanical properties, 
combined with comparative ease of manufacture and 
working, the further advantage of their increased resistance 
to corrosion in various media has assisted materially in their 
rapid development. The advantage derived from the 
addition of copper to steel in increasing the resistance to 
atmospheric corrosion in rural and industrial districts is 
now fairly well established. Little benefit seems to accrue 
from such additions, where resistance to corrosion in sea- 
laden atmospheres is desired, but there is slight evidence 
that the presence of chromium may have some benefit 
in this respect. The presence of copper up to 0-5% as 
normally used for structural steels in this country has only 
a slight effect in raising the tensile strength of the steel. 
Improved weather-resisting steels of high tensile structural 
type were therefore developed by increasing the manganese 
content of the copper-bearing steels to about 1-4%. 


Restrictions of Air-Hardening Steels 

As far as structural steels are concerned, a restriction is 
always placed on the extent of the possible additions of 
alloy elements by the fact that the steels must not show any 
tendency to air-harden. Within these limits, the com- 
bination of elements contained in a steel resulting in 
optimum resistance to atmospheric corrosion does not 
necessarily yield the best combination of mechanical 
properties. This is particularly true of the copper- 
chromium-manganese steels. Where maximum resistance 


to a specific type of corrosion is required, one range of 
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analysis is supplied, whilst when optimum mechanical 
properties are desired, modifications in the composition 
are arranged. 


Welding Difficulties in High Tensile Steels. 


A factor which has retarded the use of the higher tensile 
steels for structural purposes has been the difficulties 
encountered in welding. These difficulties are associated 
with the incidence of a comparatively hard and _ brittle 
zone in the vicinity of the weld in steels, the analyses of 
which are such that marked hardening occurs on rapid 


cooling from high temperatures. This has been over- 
come to a considerable extent on the Continent, and 


particularly in America, by reducing the carbon content 
of the steels to about 0-10°,, but these steels do not 
meet the tensile requirements of 37 to 43 tons per sq. in. 
normally specified for British high tensile structural steels. 
Combinations of special elements have been introduced 
into these low carbon steels in America, with the view 
of obtaining a high value for yield ratio, and as a result, a 
large number of new commercial low alloy steels have 
appeared recently on the American market. A compre- 
hensive list of such low alloy structural steels is given in a 
paper by Gillett.* 

In the majority of cases, the cheaper alloy elements are 
being used, particularly combinations of copper, chromium, 
manganese, silicon and phosphorus, whilst the more 
expensive elements nickel and molybdenum have also been 
included. All these commercial steels which have been 
produced with low carbon content, rarely exceed a value 
of 35 tons per sq. in. for tensile strength. However, it 
would appear that the demand for weather-resisting steels 
of this type may extend very soon to this country, and it is 
known that some of the railway companies are already 
following with keen interest the development of these 
steels in the States. 


High Yield Strength Low Carbon Steels 

One feature common to most of these high-yield strength 
low carbon structural steels is the inclusion of an appreciable 
content of copper in the enalysis. Besides enhanced 
resistance to corrosion, it is claimed that copper is pear- 
ticularly effective in raising the elastic ratio without 
proportionate loss in ductility and that to obtain the best 
results from this point of view, the copper content should 
be of the order of at least 1°. Considerable difficulties 
have been experienced in the past in obtaining good surface 
plates and sheets from steels of high copper content, and 
the beneficial effect of nickel additions in eliminating these 
troubles in hot working has been fairly widely established. 
Recent American experience, however, has produced 
conflicting results as to the most desirable ratio of nickel 
to copper ccntents. 

Phosphorus appears as an alloying element in many 
American low carbon structural steels, but for reasons 
stated elsewhere,} in our view, its use should be regarded 
with definite reservation. 

High silicon content (the hardening effect of which does 
not depend on its association with carbon) is included 
in many of these low carbon steels, with the object of 


raising the tensile strength, whilst its presence is also 
particularly effective in raising the yield ratio without loss 


in ductility. Thus, by maintaining the carbon content at a 
low maximum of the order of 0-12°%, and relying en the 
addition of selected alloy elements to give increased tensile 
strength and resistance to atmospheric corrosion, satis- 
factory weldable weather-resisting high-yield-point struc- 
tural steels can be produced, but the tensile strength wil! 
rarely exceed 35 tons per sq. in. It would appear, however, 
that no combination of alloy elements so far investigated 
will eliminate the occurrence of weld hardening if the 
carbon content is kept sufficiently high for the steel to give a 
minimum tensile strength of 37 tons per sq. in. as required 

° ‘Trends in the Metallurgy of Low Alloy ,High-yield Strength Structural Steels.” 

(Iron Age, 1936, vol. 137. Feb. 27, p. 42.) 
+“ The Effect of Phosphorus on the Mechanical Ee n-resisting | re- 


perties of Low Carbon and of Low Alloy Structural Steels.” J. A. Jones. Journal 
of the Iron and Steel institute, No. 1, 1937. 
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in B.S.S. 548. Other means have therefore been sought 
in this country to render these steels capable of being satis- 
factorily welded. This has been achieved by the addition 
of alloy ‘elements capable of ex xercising a controlled inhibition 
on the hardenability of the higher carbon steels. 


Titanium Restricts Hardenabilty during Welding 


Titanium has been found to be a particularly useful 
element in this connection, and as a result a new series 
of high-tensile structural steels has been developed which 
can be welded with no adverse welding characteristics, 
such as normally result from compositions previously used, 
to obtain high-tensile properties. The essential feature 
of these new steels is that the ratio of titanium to carbon 
contents lies between 2 and 3}, whereby the high-tensile 
properties of the steel are maintained and yet the steel 
remains capable of being welded without the development 
of a dangerously brittle zone in the vicinity of the weld. 
The specified ratio of titanium to carbon may be applied 
to any type of high-tensile structural steel for the purpose 
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of restricting hardenability during welding. The develop- 
ment of this type of weldable high-tensile structural steel 
containing high manganese, manganese with copper, or 
chromium with copper, has been fully described in a 
recent paper by Swinden and Reeve.* 

In this latter paper, in addition to a statement of the 
metallurgical principles behind the use of an inhibitor, a 
considerable amount of actual data is included relating to 
welding tests. It is shown that both the extent of the 
hardened zone and the actual hardness developed in this 
zone are reduced very markedly by the use of titanium. 
Furthermore, the problem of cracking during the pro- 
duction of tied joints by welding is also studied, and it is 
shown that this new type of high-tensile structural steel 
is far less prone to this most serious type of defect. It is 
suggested that this provides a solution to the problem 
of producing really high-tensile structural steels suitable 
for 


* Metallurgical Aspects of the Welding of Low Alloy Structural Steels.” The 
Institute of Welding, November 16, 1937. 


All-Welded Structural Steelwork 


The technique of welding is opening up a new future in steel construction, as is indicated 
by the new Waltham Cross factory of Murex Welding Processes, Ltd., which is an all- 
welded steel structure of an outstanding character, particulars of which are given in this article. 


Tien use of welded steel construction in buildings 
offers many advantages, but progress in this 
direction is likely to be slow, because building 
engineers are not yet able to obtain operators capable of 
coping with the welding technique involved, but a structure 
which will give an impetus to the use of welding is the new 
all-welded steel frame building in course of construction 
at Waltham Cross for Murex Welding Processes, Ltd. 
Designed by Mr. E. 8S. Needham, with layouts and plans 
by Mr. F. O’Connor, it is claimed that this structure enables 
more efficient use to be made of steel, due to the welding 
technique eliminating gusset plates and cleats, which 
would be required in the case of bolted and rivetted con- 
struction, and with the important point that there is no 
loss of sectional areas caused by holes for bolts or rivets. 

It will be noted that the design is simplified in that it 
gives smooth surfaces for painting, and results in a saving 
in maintenance costs as there are no pockets or rivet heads 
to invite corrosion. Another feature is that the rigid-frame 
type of roof support gis increased head room without 
waste of space for truss ties, whilst the rigidity of welded 
connections allows for continuity between members, so 
that lighter material can be used without sacrifice of 
strength. 

The new factory at Waltham Cross will be one of the 
largest all-welded steel-frame structures of its type in the 
country. It is expected to be completed and in production 
early in the New Year, some five months after the raising 
of the first girder. 

The welding throughout was carried out in the shops 
and on the site by the electric are process, using Murex 
welding plant and “ Lronex ” electrodes. Some idea of the 
speed of working by this method is given by the fact 
that the light secondary girders were turned out at the rate 
of three per week by a gang of three welders and four 
erectors, from cut lengths delivered on site. 

The factory at present covers an area of 4} acres in a 
rectangular block 500 ft. by 375 ft., and provision is made 
for future extensions in two directions. The roof, which 
is of the standard north-light type, is glazed with }-in. 
wired glass and sheeted with asbestos cement corrugated 
sheeting. It is lined internally with fibre board. 

The design of the steelwork is distinctly unorthodox. 
The primary consideration was the provision of the maxi- 


Assembly of Steelwork showing Main Girder 


mum possible unobstructed floor space. Running the 
entire length of the structure, and carrying the ends of the 
lattice girders, are three main girders each 500 ft. long and 
weighing approximately 70 tons. These are designed to be 
continuous over two intermediate supports, and in order 
to take care of the large positive bending moments the 
effective depth of the girder is increased at these inter- 
mediate supports by the addition of the hump. 

The total weight of steelwork in the structure is approxi- 
mately 850 tons, giving a weight of 10 Ib. of steel per sq. ft. 
of floor space. 


Side view showing North Light Bays 
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Considered as a whole, the structure represents not only 
a triumph of the welder’s art, but also the latest and most 
spectacular advance in a method of construction which is 
rapidly making headway where strength, lightness, rigidity, 
speed of erection, and economy of materials are the main 
considerations. The electric welding process may therefore 
be said to have given a new impetus to steel-frame building. 
In welding design, as compared with rivetting, steel is 
used most economically, owing to the absence of gusset 
plates, light bars, and the like. For the same reason, 
maintenance is simpler, and since most of the welding is 
done on site, there are few, if any, shop overheads. 


The Chromium Mining and Smelting 


Corporation 

New Commercial Plant Planned for Next Year 
Ir is understood that the Chromium Mining and Smelting 
Corporation plans a new commercial plant to be erected 
in another location next year. The metallurgical process 
appears to have very great value, but the mine at Collins 
(Ontario) has not developed the tonnage expected. The 
plant is, however, expected to draw supplies from other 
parts of the world for treatment in Canada, much in the 
manner of the Arvida (Quebec) plant of the Aluminium 
Company of Canada, Limited. 

During the winter months about 4,000 tons of ore were 
delivered to the smelter at Sault Ste. Marie, Ontario. 
The average content of the ore was 19-71°, Cr,0,. Due 
to the almost impassable condition of the road, no delivery 
of ore from the mine to the smelter will be made this 
winter. Underground work has been stopped. However, 
the diamond drilling campaign inaugurated last summer, 
after a complete geophysical (magnetometer) survey of 
the whole property had been completed, will be continued. 

The Company’s experimental plant has already produced 
and sold more than one million pounds of high-carbon 
ferrochrome and 7,500,000 pounds of ferrosilicon, the 
proceeds of which have defrayed a considerable part of 
the cost of experimenting. Under the new process a 
production of low-carbon ferrochrome can be produced 
from a low-grade chromite ore or a high iron to chrome 
ratio, at a price comparing favourably with world 


production. 


Obituary 
Mr. Douglas Vickers 


We regret the death of 
Mr. Douglas Vickers, on 
November 23. Mr. Vickers, 
who was in his 77th year, 
was at one time chairman 
of Vickers, Ltd., and, later, 
president of that Company. 
From 1917 to 1926 he was 
treasurer to Sheffield Uni- 
versity, and was one of the 
original members of the 
Sheffield Joint Hospitals’ 
Council. Among his many 
other interests he founded 
the Douglas Vickers’ 
Scholarship Trust, for 
employees at the Sheffield 
works of the Company, 
and also a Trust Fund to 
be used for the benefit of 
elderly retired former em- 


ployees in necessitous circumstances. 


Mr. Victor Reichwald 
Many will learn with regret of the sudden death in Berlin 
of Mr. Victor Reichwald, on November 24. Mr. Reichwald 
was well known in this country as an engineer, and as the 
representative of Ehrhardt and Sehmer and other Gerran 
firms. 
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Surface Hardening of Steel by the 
Scientific Use of the Blowpipe 


Promotes an alteration in the physical condition of the 
steel or iron 


ing of steel surfaces has made great progress in 

recent years, and in a recent lecture before the 
Sheffield Technical Societies, Mr. A. E. Shorter gave 
details of the Shorter process, and dealt with some of the 
changes that take place in steels when subjected to heat- 
treatment. The subject of his lecture was “* The Surface 
Hardening of Iron and Steel by the Scientific Use of the 
Blowpipe.” 

Unlike case-hardening and nitriding, the Shorter process 
does not depend upon the absorption of carbon or nitrogen 
by the surface metal; no chemical change takes place, 
but an alteration in the physical condition of the steel or 
iron. By this process the temperature of the surface of 
the material is raised to just above the critical point, 
and is then cooled or quenched at a rate calculated to 
induce hardness, according to the quality of the material 
concerned. 

One of the significant features of the Shorter process is 
that of rapid cooliug, and illustrations were shown to prove 
that the characteristic martensitic structure of hardened 
steel is only attained when the steel can be cooled at a rate 
equal to, or exceeding a certain critical velocity. By the 
use of machines which give precision control of an oxy- 
acetylene burner and of a quenching medium guided 
mechanically along the path or area to be treated, this point 
is attained and the expense of casehardening, or of pro- 
tecting large surfaces with copper coating in order that a 
relatively small area may be hardened is avoided. 

In its adaptation to larger areas, the Shorter process 
uses multiple jets, flat flame, or rose jets. In this process, 
irregular heating and quenching is eliminated, the latest 
machines for gear hardening are fully automatic, and the 
process is applicable to cast iron—where surfaces can be 
hardened and made wear-resisting without distortion of 
the casting body, and preventing the difficulty which would 
arise if ordinary chilled castings were to be used for 
machined surfaces—high carbon steels, alloy steels, and 
straight carbon steels. Mild steel will not harden satis- 
factorily, the process depends fundamentally upon the 
material and requires the presence of the hardening 
elements, the chief of which is carbon ; nickel and chromium 
having a secondary hardening influence. 

Mention was also made of the treatment of journals of 
shafts, and similar cylindrical surfaces by what is known as 
the Shorter-Double-Duro process, in which the method of 
hardening is one in which the whole area to be hardened 
is brought to the critical temperature before cooling, and 
this is effected so rapidly that there is no time for the core 
or mass of the shaft to reach a temperature high enough 
to effect the core structure. In practice it is found that a 
depth of penetration equal to about 5% of the diameter 
of the work is the most effective, and that for each diameter 
there is a critical speed of rotation and duration of heat 
application. 

Interesting and illustrative examples of this type of 
hardening are provided by cases of internal hardening of a 
nut, selective hardening of threads on a worm, a crankshaft 
bearing that required greater hardness than the remaining 
journals, and a ball socket which had to be hardened 
without possibility of distortion. In one case an 8-in. path 
had to be traversed, and this was accomplished by using a 
41-in. jet head with the jets overlapping. 


‘i application of the blowpipe flame for the harden- 
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High-Duty Brasses and Bronzes 


available to the Engineer 
By F. HUDSON 


Mechanical Properties at Abnormal Temperatures and Corrosion Data 


This is the third and concluding article in this series on the subject of high-duty brasses and 

bronzes available to the engineer; it deals with the properties of some non-ferrous alloys at low 

and high temperatures and, in addition to useful data regarding these properties, corrosion data is 

included. The author emphasises the degree of progress in the production of high-duty copper alloys 
but recognises that fundamental data is necessary. 


should be given to the properties of high-duty brasses 

and bronzes at abnormal temperatures. In a great 
many instances metals are used in engineering over a wide 
range of temperature and the ultimate value of any 
particular material must be determined by its behaviour 
under operating conditions rather than otherwise. The 
demands of modern civilisation call for metals to withstand 
high stresses under conditions of extreme cold such as 
arise, for example, in refrigerating equipment and also 
to give satisfactory service under various degrees of heat, 
common to modern power requirements. Recent develop- 
ments in chemical engineering have still further emphasised 
the need for reliable knowledge in this direction and much 
of the progress made in the last few years has been brought 
about by investigating the properties of alloys at abnormal 
temperatures. Associated with abnormal temperatures 
there is also very often the question of corrosion which 
further complicates the problem and indicates the need 
for an alloy to have adequate resistance as well as suitable 
mechanical properties. 

IMETALLURGIA, October und November, 1937. 


conclude this series of articles! some consideration 


Properties of High-duty Brasses and Bronzes 
at Low Temperature 


Table I indicates some properties of non-ferrous alloys 
at low temperature, among which are several of the high- 
duty brasses and bronzes previously discussed. Non- 
ferrous metals are, on the whole, less effected by sub-zero 
temperatures than the ferrous group. As the temperature 
falls, the tensile strength increases, but ductility and 
resistance to shock varies according to the composition of 
the metal. Pure iron, and mild and medium carbon steels 
suffer serious embrittlement, but as a rule non-ferrous 
metals do not exhibit this feature and accordingly are 
worthy of close consideration for low-temperature 
application. In the ferrous group, possibly the only all- 
round satisfactory material is a full austenitic steel of 
special composition to ensure no possibility of inversion 
to martensite. 

The very marked deterioration in the ductility of solder 
at —180°C. is of interest, the high tin content having 
probably promoted tin disease in this alloy at low tempera- 
tures. It will also be observed that in comparison to rolled 


TABLE I.—PROPERTIES OF NON-FERROUS ALLOYS AT LOW TEMPERATURE. 


Composition. At - 180°C. 
Alloy. Max. Max. Authority. 
Cu. Zn. AL Ni. Fe. Mn. Sn. Pb. Be. P. Stress, Elong. Izod, Stress, Elong. Izod, 
Tons per % Ft.lbs.Tons per % Ft. lbs. 
| Sq. In Sq. In. 

Beryllium Copper(soft’n'd) 97-35, — 0-08 — —  — 2-56) — | 35 | 87 | 50 | 41 | 40 | Colbeckand Macuillivray® 

» (hard'n'd) — - - 83 3 2 96 3 3 
Aluminium bronze (forged) 91-1 | 1-02 7-31 - 0-056 0-44 — — | 0-018 35 33 24 43 32 21 ” 

(east) 88-0 — 9-0 3-0 -- 31 33 38 25 —  Strausst 

” » (forged) - — 40 6 — 50 3 
Manganese Brass (forged) 56°45 38-85 - — 1-08 1:43 1-25 — 33 36 20 43 35 Colbeck and MacGillivray 

(east) 57-70 39-00) «1-0 1-20 0-50 0-60 31 39 37 26 — Strauss 
Cu-Ni-Al Alloy (soft) ..... 92-3 — 1-73 5-360 — — 24 15 58 30 49 67  Colbeck and MacGillivray 
+ (hardened) -- - - 25 10 is 26 55 
70 /30 Brass (forged) .... 69-56 | 30-50 ~ -- - 24 65 33 sl 78 
Naval Brass (rolled) ..... 61-0 38-0 -- = -- 1-0 ~- —~ 25 17 - 36 48 — Strauss 
Cupro-Nickel (rolled) .... 79-71 — 20-58 trace 0-11 Si, 25 35 i7 36 4 85 Colbeck and MacGillivray 
Nickel Silver (rolled) ..... 55-15 | 14-30 — 30-50) — > — — 33 4280 46 48 87 
» (rolled) .... 64-0 | 18-70 | 68 - - 29 47 37 57 — Strauss 

Monel Metal (hot rolled).. 28-0 | — — | 67-0 2-0 | 2-5 41 46 «120 60 53120 
Phosphor Bronze (rolled) 95-7 — 1-0 0-3 27 36 4l 56 
- - 53-1 47-4 30 15 7 4 ~=Colbeck and MacGillivray 
Ammonled sess 35 31 62 7 — Strauss 
Asmoo (Commercial C) 21 43 78 50 Nil 2  Colbeck and MacGillivray 
0-11% Carbon, 16-0% Nickel, 12-0°% Chromium, Austenitic Steel 34 56 115 77 117 


*“ The Mechanical Properties of Metals at Low Temperatures,” by Colbeck and MacGillivray. Trans, Inst. of Chem, Engrs. 


Vol. IT, 1933, 


+ Metals and Alloys for Industrial Applications Requiring Extreme Stability,” by Strauss. Trans. Amer. Soc. for Steel Treating. Vol. XVL., 1929. 
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TABLE IL.—PROPERTIES OF BRASSES AND BRONZES AT ELEVATED TEMPERATURE, 
Composition, = | = | 815 | 7 
Room Temp, 205° C. (400° F.) | 315° C, (600° F.) | 427° C. (800° FY 
Cu. Zn. Al. Ni. Fe Mn. Sn Pb. Be. Stress, Klong. | Stress, Elong. | Stress, Elong. | Stress, Elong. 
Tons per % Tons per % |Tons per % Tons per % 
Sq. In | Sq. In. Sq. In. Sq. In. 
70 /30 Brass (cold rolled) 31-98 trace 3L 24 | 29 12 23 1 | 9 26 
60 40 Brass, Muntz (hot rolled).) 60 w 25 ol 21 hw } ll 40 4 18 
Manganese Brass (extruded) | 41-89 0-07 O-28 O-36 O-77 21 | 24 35 15 60 
Brass (cast) 40-11 1-72 29 21 | | 13 74 { 
Nickel Silver (rolled) 53-0 27-0 18-0 30 15 27 sz |g 30 13 8 
80 (20 Cupro-Nickel (hot rolled) 79-6 20-0 Od 21 26 19 26 17 26 15 2 
Monel (rolled) .......... 9-0) 68) 1-0 {7 13 30 | 33 30 28 
Aluminium Bronze (extruded) 32 31 — — 16 47 
Aluminium Bronze (rolled) 53 16 - zt 37 
Common Gunmetal (cast).......| 86-28 5-10 0-23 0-06 5-99 2-33 15 20 - | 16 | 6 2 
Bronze (Cast) ........ 86-52 1°29 o-o8 O-Ol 11-86 0-17 19 17 18 15 13 1 ” 2 
Low Nickel Bronze (cast) 40 16 25 14 23 12 15 il 8 
High Nickel Bronze (cast) 2-55 0-32 53-8 12-72 32 2 — — 30 3 
TABLE V.—CORROSION RESISTANCE OF HIGH-DUTY BRASSES AND BRONZEs, 
_ Loss in grms, per sq. metre per 24 hours at 60° F. in aerated solutions unless otherwise stated. 
\ Castings. Forgings. 
Phosphor Gunmetal, Nickel Manganese Manganese Alumini Monel. 
Bronze. Bronze. Brass, Brass I. Bronze. 
5° Ammonia in tap water 21-07 12-61 1-06 93-96 76-47 84-28 0-10 
lo, 25-91 39-43 1-44 128-30 128-40 122-0) O-05 
35°, 248-60 219-90 191-90 216-70 193-80 O-29 
360-10 333-71 6-43 257-40 302-70 220-00 
75” 112-00) 90-69 76-98 75-67 
Concentrated Ammonia 122-90 95-19 95-81 13-15 67-36 1-30 
5°, Caustic Soda in tapwater as 3-lo 4-32 1-37 2-43 1-52 0-08 
15", 2-07 2-77 0-32 3-41 2-95 1-90 O-17 
25° 1-19 no loss 0-53 0-46 O-l4 
Solrent Oils 
Petrol O-O8 O-ls o-le 
Renzene 0-06 0-06 O-ll no less 
Salt Solutions 
10°, Potash Alum in tap water susvens 2-19 2-30 0-56 11-53 3-45 1-58 5-41 
0-5% 0-32 0-46 6-06 0-61 0-48 2°33 
0-1% 0-42 O-87 3-78 O-47 0-05 
10°, Copper Sulphate in tap water . ‘ ‘ , 2-73 3-45 0-31 4§-22 2-28 3-22 »-59 
0-5% 0-35 0-38 27-24 0-55 7-92 1-15 
O-1% 0-17 0-27 20-47 0-23 0-57 
20° Ammonium Chloride in tap water ........... 2-32 5-04 3-28 13-64 3-65 0-65 8-24 
7°67 7-42 5-73 12-08 2°45 0-67 6°25 
~ @ 10-26 5-88 12-30 1-33 0-46 1-03 
5°, Sodium Phosphate in tap water 0-06 0-14 no loss 0-28 0-05 
O-1% 0-03 OOS no loss O-O4 no loss no loss no loss 
Aluminium Sulphate in tap water Old O-17 5-14 4-22 1-54 4-57 
10°, Sodium Aluminate in tap water 1-33 1-08 0-05 4-83 1-84 3-92 0-31 
5% 4-93 1-08 no loss 0-86 0-22 no loss 
Concentrated Chioride of lime in tap water O43 0-98 0°26 1-18 1-01 0-48 no loss 
Milk of lime 0-43 0-51 0-07 1-02 0-80 0-42 0-06 
10°, Soda ash in tap water 1-11 0-32 0-08 1-14 1-50 0-59 0-10 
5°, Calcium Chloride plus 5° Magnesium Chloride in tap water .... 0-99 1-06 0-31 1-26 0-30 0-42 0-13 
5°, Magnesium Chioride in tap water 0-61 0-92 0-35 0-77 0-26 0-16 0-46 
5*, Calcium Chioride in tap water 0-79 1-25 O45 1-16 0-86 0-29 0-25 
20°, Sodium Chloride in tap water 1-57 1-4! 0-64 1-30 0-69 0-37 
1”, 1-26 2-33 1-03 1-55 0-52 1-04 0-43 
5%, 1-71 0-96 1-19 0-61 0-10 


. 


DecemBeEr, 1937. 


phosphor-bronze containing 4°, tin, the 8°, tin containing 
cast-bronze shows a considerable reduction in ductility at 
180°C. Obviously, this is due to the tin content, and 
it would appear that for severe low temperature conditions, 
where shock and fatigue resistance are required, the use of 
high tin-content bronzes is not advisable. 

It is difficult to generalise considering the large number 
of alloys available, but it would appear evident that many 
of the non-ferrous alloys outlined in Table I, with their 
excellent properties throughout the range 20° C. to 
—180° C. and good corrosion resistance, will prove valuable 
materials for plant to work at temperatures below zero. 
Those metals containing nickel seem to be particularly 
stable and capable of resisting temperature extremes to a 
high degree. In this respect the copper-nickel-aluminium 
alloys, cupro-nickel, nickel silver and Monel are outstanding, 
inasmuch as they show greater elongation and resistance 
to impact at —180° C. than they do at room temperature. 


Properties of High-duty Brasses and Bronzes 
at Elevated Temperature 


In modern engineering practice non-ferrous alloys are 
extensively employed under conditions of elevated tempera- 
ture, such as is obtained in steam valves and fittings, 
chemical plant, bearings, etc., and it is universally recognised 
that this causes an alteration in the normal mechanical 
properties obtaimed at room temperature. When metals 
become heated the tensile strength drops and ductility, as 
measured by percentage elongation, varies considerably, 
according to the composition of the alloy and degree of 
heat present. Some knowledge of the extent of these 
alterations in mechanical properties is highly important 
and Table II gives the results of short time tensile tests 
in this direction. It is interesting to observe that alloys 
having similar room temperature properties do not 
necessarily maintain their strength to the same degree at 
elevated temperatures. Composition plays a very impor- 
tant part in this direction and nickel additions are again 
most advantageous in stabilising the alloy, resistance to 
softening at high temperatures being increased in proportion 
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to the increase in nickel content. This is clearly shown by 
comparison of the results given in Table II, which has been 
compiled from data published by various investigators 
during the past few years. For example, an ordinary 
11% tin bronze has a tensile strength at 800° F. (427° Cc. ) 
of around 9 tons per sq. inch, which is increased to 11 tons 
per sq. inch with the addition of 3-5°4 nickel and up to 
30 tons with 50% nickel. Similar comparisons can be 
made from Table II in connection with 70/30 brass versus 
nickel silver and the aluminium bronzes with and without 
nickel additions. This effect of nickel in stabilising the 


TABLE ITT. 
COEFFICIENTS OF EXPANSION OF VARIOUS NON-FERROUS ALLOYS. 
Coefficient of 


Material. Expansion, 
Manganese Brass (extruded) ............... 0 -000019 
Nickel Silver (rolled) 0 -O00018 


0 -OO0017 
O00 


Monel (rolled) ....... 
Aluminium Bronze (ex ed) 
Aluminium Bronze (rolled) 


Bronze (cast) O 
Bronze (cast) -QO00L8 
Low Nickel Bronze (cas O-QO0018 
High Nickel Bronze (cast) 0 -Q00017 


properties of non-ferrous alloys is used to great advantage 
in modern engineering for steam valve faces and seats, 
etc., where a high measure of strength and hardness must 
be maintained at operating temperatures to ensure satis- 
factory service. The reason for nickel acting in this 
manner is not yet clear, but it quite possibly hinges upon 
temper-hardening characteristics mentioned in a previous 
article in this series. 

In view of non-ferrous alloys having to work in conjunc- 
tion with steel for high temperature applications the 
question of co-efficient of expansion is of some importance 
and values for some of the alloys discussed are outlined 
in Table III. In the past it has been considered that 
some of the high nickel tin bronzes (30 to 50°, nickel) as 
used for steam control purposes have co-efficients of 
expansion similar to steel, but this is not correct, as actual 
tests indicate that the value for such alloys is between 
0-000017 and 0-000018 and more representative of ordinary 


TABLE IV.—CORROSION RESISTANCE OF HIGH-DUTY BRASSES AND BRONZEs. 
Loss in grms. per sq. metre toad 24 hours, at 60° F. in aerated solutions, unless otherwise ste ated. 


Castings. Forgings. 
Corroding Media. 
Phosphor Gunmetal. Nickel Manganese Manganese Aluminium Monel. 
Bronze. Bronze. Brass. Brass I. Bronze. 

O-15 0-07 0-10 0-18 0-29 0-08 0-04 
5% Sulphuric Acid in tap water 9-85 14-4 7-26 13-22 11-19 3-45 2°77 
10% 6-13 4-99 3-63 7-51 3-97 2-47 1-52 
25% ” 2-10 3-26 1-50 8-49 3-24 1-16 0-32 
5%, CT 0-33 0-13 no loss 0-48 0-48 0-33 0-25 
75% 0-29 0-58 0-03 0-41 0-52 0-32 4-53 
5-20 9-56 9-62 13-73 21-42 14-67 2-35 
10% 1-51 1-96 2-76 15-97 6-39 3-69 0-65 
25% PSR TCT TTT OTT TT 1-37 2-14 3-16 18-92 4-67 2-73 0-70 
4-54 5-08 3-58 10-89 9-60 4-74 0-79 
5% Hydrochloric Acid im tap water .......ccccccccccsccsscvecccess 80-13 84-74 79-38 308-40 71-15 68-71 4-40 
10°, MEE TTITCCT 91-96 95-30 73-4 303-40 99-24 65-39 4-38 
25% 119-60 120-50 112-40 262-40 89-97 94-64 3-87 
Concentrated Hydrochloric Acid... 71-71 77-21 211-60 421-60 206-90 115-20 26°23 


2 
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TABLE VI.—CORROSION RESISTANCE OF HIGH-DUTY BRASSES AND BRONZES. 
Loss in grms. per sq. metre per 24 hours, at 60° F, in aerated solutions, unless otherwise stated. 
Castings. Forgings. 
Corroding Media. 
Phosphor Gunmetal. Nickel Manganese Manganese Aluminium. Monel, 
Bronze. Bronze. Brass, Brass I. Bronze. 

1-20 1-23 0-12 1-19 0-32 0-24 0-31 
deine 0-08 0-05 0-20 0-13 0-07 
Tap Water o-oo O-4 O-l4 0-27 O-17 O-14 
0-13 0-15 0-13 0-28 0-16 0-06 
0-16 0-12 0-23 0-21 0-14 0-07 
Aad 0-03 0-05 O-l4 0-09 0-09 0-06 no loss 
0-07% Soda Ash in tap water, at 200° FP, 0-12 0-37 0-05 0-46 1-12 0-39 0-32 
0-07% Sodium Aluminate in tap water ...........ccccccsccccccccces 0-09 O-15 O-O1 0-10 O-1l 0-12 0-02 
Sodium Aluminate in tap water, at 200° FL 0-36 O-R4 0-64 0-26 0-40 no loss 

Analysis of Alloys used for Corrosion Tests, 
Cu Sn Zn Al % Ni Mn Fe % | Pb 4 | P 

87-97 | 11-35 — | trace trace 

7-64 1-85 | 22-45 - 0-56 trace 0-26 

65-08 | 28-91 2-92 0-36 | 1-62 | 0-17 

bronze than otherwise. In the author’s opinion the question , pe val. 

FATIGUE VALUES OF NON-FERROUS METALS IN AIR. 

of difference in expansion is, in many cases, not so vital as 

i P , Max. | Endurance 

it is made out to be and very often the design of the jam | teen, | oe 

structure affects this factor to a greater degree than the Alloy. pens pee % Patigne 
use of dissimilar metals. For example, in a steam valve “Max, Stress 

a slightly greater coefficient of expansion in seat materials 

over that used for the body tends to keep the faces tight — Extruded Aluminium Bronze® ...............-. | 35-7 37-0 | 0-40 

Extruded Beryllium Bronze (soft)® ............. 41-8 23-4 | 0-39 

and prevents them working loose. If a coefficient of Drawn Phosphor Bronze? | 27-6 32-8 | 0-35 

expansion approximately equal to steel is essential, it Sand-cast High Tensile oan 

becomes necessary to use an alloy having a nickel content — Temper-hardened Sand-cast Nickel Bronze ...... 39-0 | 17-5 | 0-20 


of 70 to 90°,,, with preferably a ferrous base, or alternatively, 
either Monel or one of the higher class stainless steels. 


Other Properties of High-duty Brasses and Bronzes 


In connection with the selection of any particular high- 
duty non-ferrous alloy for engineering requirements one 
very often has to take into account the question of corrosion 
as well and although a great deal of private research has 
been conducted in this direction, published data on the 
more common alloys is scarce. Tables IV, V and VI 
feature some hitherto unpublished values obtained by the 
author, by actual experiment under comparative conditions, 
and which have proved to be of inestimable help in practice. 
In using laboratory results of this nature, it is customary 
to base a comparison with the actual service results 
obtained by experience with certain common metals ; i.e., 
cast iron and steel corrode in fresh water at a rate of 
between 4-0 to 10-0 grammes per sq. metre per 24 hours, 
whilst brass and bronze, under similar conditions, undergo 
a loss of only 0-1 to 0-3 grammes per sq. metre per 24 
hours. Accordingly for purposes of selecting any particular 
metal for service with certain corrosive media it can be 
assumed, as an initial guide only, that where some reasonable 
measure of serviceability is desired, the loss should certainly 
not be greater than 7-0 grammes per sq. metre per 24 hours. 
In special cases the required value will have to be less than 
this, but much will depend upon the particular conditions 
involved. For instance, if a cock of the simple taper plug 
type is required for handling, 50°, sulphuric acid ordinary 
gunmetal might feasibly be employed as, although there is 
a slight attack, the wear due to operation and corrosion 
can be overcome by tightening the taper plug. On the 


other hand if the plug is of the parallel type it becomes 


* Gough and Sopwith. Jnl. Inst. Metals. 1937. Vol. LX., p. 143. 


more or less essential to employ a metal which shows no 
loss whatsoever if longevity is to be obtained. Reference 
to Table IV indicates that this condition might be met by 
using 20°, nickel bronze. Non-ferrous alloys containing 
high nickel percentages resist attack by certain corrosive 
agents to a high degree. The greatest field in industry 
for the high-duty brasses and bronzes is, however, in those 
applications which involve the presence of relatively mild 
corrosive agents such as in steam, hydraulic and marine 
equipment. The corrosion data given in the tables is 
rather too comprehensive to adequately summarise, and 
the reader must be left to scrutinise the results for 
particular requirements. 

It is interesting to observe, however, that the corrosion 
resistance of the usual manganese brasses is considerably 
increased by tin and aluminium and from the latest work 
completed in America it would appear that an addition 
of nickel up to 2-0°,, in conjunction with the above, leads 
to still further improvement. This modification in compo- 
sition is of considerable value in minimising cavitation 
defects in large marine propellers. 

The only other property which might be of interest in 
connection with the main title of this article is the question 
of fatigue values. Unfortunately, very little published 
data is available, and this is summarised in Table VII. 
Admittedly, further fundamental data in connection with 
high-duty non-ferrous alloys is needed, but, on the whole, 
it is obvious that research into these metals is definitely 
progressing and indicating that there is a wide field open 
to them in many branches of the engineering and allied 
industries. 
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Defects in Aluminium Castings and 


Forgings 


By George Mann 


Metallurgist, The Fairey Aviation Co. 


Several factors are discussed which cause defects in aluminium castings and forgings ; the author 
has attempted to classify these causes and to suggest means for reducing the number of defects. 


minium alloys, largely due to the development of a 
technique which has been greatly helped by metal- 
lurgical investigations, but, as with the alloys of other base 
metals, difficulties continue to be experienced, and it is 
not surprising that, occasionally, finished products exhibit 
defects. As with all materials which are originally given 
form in the fluid state, defective products are not new, but 
it is proposed to consider some of the causes of these defects 
with a view to increasing the possibility of.their elimination. 
Apart from the choice of the raw material, it is no 
exaggeration to say that success in forging depends as 
much on the right choice of technique in melting and 
casting as on the correct forging process itself. Defects 
likely to arise during the process of melting and casting 
can, broadly speaking, be attributed to the following 
conditions :— 

1. Inaccurate alloying—by which is meant conducting 
the actual melting in a haphazard manner. 

2. Imperfect conditions of casting, such as unfavourable 
design and dimensions, and defective state of the 
moulds. 

This classification of causes must not be accepted as of 

a hard-and-fast character, neither must it be assumed that 
defects are attributable to one cause only ; on the contrary, 
it is generally the case of two or more factors operating at 
once, and one must be wary of accepting isolated phenomena 
as an explanation of a defect. For example, the formation 
of coarse grain or large transcrystallisation zones depend 
not only on the composition and temperature of the melt, 
but also on the actual casting operations themselves— 
particularly the dimensions of the moulds. However, 
apart from defects which may be attributed to the operation 
of complex factors, there are a great number which can be 
traced back to definite causes, and can, in subsequent melts, 
be prevented. 

There are, for instance, the inclusions of alumina, which 
are formed, in coke-fired furnaces, by the combination of 
the ashes of the coke coming from the furnace and the 
molten aluminium; whilst the well-known heat-cracks, 
detectable after practice by means of the unaided eye, are 
due to distorted moulds. One of the fundamental causes 
of defects in castings can be traced to gas inclusions or 
absorption. Special attention must be given to this in 
order to prevent inadmissible amounts of gas being 
absorbed by the melt. To keep the temperature as low 
as is compatible with the work in question is not sufficient, 
the furnace conditions are also a controlling factor. The 
atmosphere of the furnace must be free from water vapour, 
whether this comes from the air for combustion, the fuel, 
the walling of the furnaces, or from the material to be 
melted. 

The remarkable affinity of aluminium for oxygen is so 
high that the water vapour brought in contact with the 
molten metal is rapidly decomposed, yielding the oxide 
of the metal and hydrogen gas, which is absorbed by the 
melt. On solidification, the absorbed gases are mostly 
set free again, this being apparent by the presence of pores, 
blowholes, or pin-holes, as they are variously called. Pores, 
however, must not be attributed to gas absorption alone. 
There is every indication at times that they are the outcome 
of faulty pouring of the metal into the mould. Through 
careless ladleing and pouring, large quantities of air are 
trapped and mixed with the molten metal, producing 


(5 i strides have been made in fabricating alu- 


cavities which may be recognised as due to such a cause 
by their irregularity and the oxidised surface of the walls. 

Since the solubility of gases is a function of the tempera- 
ture, decreasing with decreasing temperature, it is possible 
to get rid of a large proportion of these gases by quick 
melting, suitable fluxing, cooling quickly, and finally 
holding at the temperature required for casting for a small 
interval of time. This holding at the lowest temperature 
possible, and occasionally stirring—quietly—also assists in 
removing contaminations, such as oxides, although the 
difference in their specific gravity relative to the metal 
is very small. 

A rough check of the gas content in a melt can be 
rapidly made by means of the vacuum method. A small 
quantity of the melt is alloyed to solidify under reduced 
pressure,’ the gas-free samples solidifying without their 
sections showing any cavities. Alloys with magnesium 
can be obtained quite free from such a defect as gas occlusion 
by holding the melt at a definite temperature long enough. 

The following method is suggested by Dr. Schnorrenberg* 
as a simple but effective way of finding the advisable limits 
for the gas content of an alloy. A small test cylinder is 
taken, 40 mm. and 100 mm. in length, cleanly turned, and 
heated to 500°C. in a salt bath for 1 hour. It is then 
compressed to an extent of about 10°, its original diameter. 
The surface of the metal is, if much gas is contained within 
it, full of small cracks, which the hand detects as a distinct 
roughness, while the surface of samples which are free 
from gas remain smooth. 

A good ingot is expected to be of a fine grain structure 
and free from segregations, but this is only obtainable 
by a simultaneous solidification across the whole section—a 
difficult proposition. Apart from the composition as a 
determining factor in the resultant qualities of the ingot, 
there are such factors as temperature of casting, speed of 
casting, cross-section of the ingot, cross-section of the 
mould, and the temperature of the mould, all of which, 
either singly or combined, produce definite properties in the 
ingot. But in spite of the vast amount of research on the 
subjects of melting and casting, no definite scheme is avail- 
able which, on putting into practice, will result in a 
structure that could be predicted with certainty. 

For example, the conditions under which the well-known 
spiky crystals are formed are, according to J. Saches,* not 
cleared up. Also, the investigations of FE. Scheilt show 
that the formation of spiky crystals not only decreases, 
as is generally known, with a falling temperature of casting, 
but also when the mould temperature is about 200° C. 
and the thickness exceeds 12 mm.—the temperature of 
casting being 700° C_—maximum values were obtained. 

The phenomenon of the thickness of the mould walls 
above certain limits, producing a decrease in the formation 
of spiky crystals, differs from the observations made with 
other metals, when an increase in the wall thickness of the 
mould produced an increase in the crystal size, consequent 
upon the increased loss of heat and velocity with which the 
boundary of crystallisation moves. This may be attributed 
to the high contraction factor of aluminium and the conse- 
quent column of air which readily interrupts the cooling. 

Zones of spiky crystals in the marginal structures of 
ingots are dangerous, in so far as these crystals easily 


1, 2, 7 Dr. Schnorrenberg. Aluminium Zentrale. TPerlin. 


3 G. Sachs. Praktische Metallkunde Bd.” Schmelzen und Giester, 14. 
4 E. Scheil. Zeitschr. Metallk. (1929). 38.121. 
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Porosity in an aluminium 
casting. 50. 


Exudations on the surface of 

a bar of aluminium on 

account of inverse segrega- 
tion. x 10. 


become separated in the subsequent working-up, causing 
cracks. The quality of the crystals is a less disturbing 
factor than the contaminations, and gas occlusions which 
accumulate at the crystal boundaries, producing segregation 
and deficient consistency. With the introduction of the 
various alloying elements to aluminium, this spiky crystal 
formation decreases. Segregation may be attributed to 
two causes :— 

1. Variations in the specific gravity of the crystals and the 
residual melt, producing a variation in the ingot from the 
top to the bottom. 

2. Concentration of alloying constituents in the residual 
melt. The crystals are not formed simultaneously, but are 
governed by the flow of heat within the ingot. Starting 
from the walls of the mould—the coolest place—the 
residual melt, which grows richer in the alloving con- 
stituents, becomes concentrated towards the centre of the 
ingot. The centre portion is the more brittle part of the 
alloy, thus the exterior part of the ingot is the more valuable, 
which is favourable for practical purposes. This does not 
imply that direct segregation is a desirable feature of 
casting ; on the contrary, it must be kept within reasonable 
limits by means of quick-cooling moulds. 

The influence of the velocity of cooling and solidification 
on the segregation of aluminium-copper alloys was investi- 
gated by H. Bohner* in a long series of experiments. More 
characteristic, and for the working of aluminium and its 
alloys often more harmful, is the tendency of some con- 
stituents to segregate inversely. Copper, magnesium, iron, 
silicon and nickel belong to this group. Manganese, on the 
other hand, in amounts up to 1°,, behaves normally, and if 
properly controlled should not exhibit any 


Decemeer, 1937. 


Photo-micrograph of the 
same specimen as in Fig. 2, 
after machining. 200. 


Photo-micrograph of the un- 
machined surface of an alu- 
minium ingot showing the 
separation of the Al-Fe-Si 
compound. 100. 
of Duralumin—found that in pure a'uminium containing 
0-3°, Si and 0-39°, Fe sweatings were obtained con- 
taining 0-73°;, Si and 1-31°% Fe. The amount of segre- 
gated constituents is mostly a multiple of the average 
content of the whole ingot. Figs. 1-4 Illustrate micro- 
graphs of structures showing segregation. 

The practical significance of this defect may be judged 
from the following: The segregation of the constituents 
in the marginal structure of the ingot only extends to a 
few tenths of a millimeter for pure aluminium, and for 
alloys of aluminium a maximum of a few millimeters. 
Inverse segregation is explained away in various ways. 
G. Masin® suggests a thermal expansion of the mother liquid 
on solidification. S. M. Woronoff® thinks it to be due to the 
forcing out of the residual melt by contraction pressure. 
This, he claims, is supported by the appearance of needles, 
drops, ete. 

Such questions as faults due to blowholes, cavities, pipes, 
shuts, mis-runs, pores, and shrinkage cracks have been 
purposely left until the end, because they are points upon 
which much has been written, and it is perhaps sufficient 
to say that they are simply questions of bad founding, and, 
therefore, possible of elimination. It might be argued, 
however, that such defects cannot be completely eliminated, 
and to this, one is compelled to reply that by good founding 
they can be reduced to a minimum that is admiss ble. It is, 
however, one point to be critical and comment strongiy 
upon defects in foundry practice, and another to suggest a 
remedy, but one suggestion might be added to those given 
previously by numerous others—viz., that the safest and 


Dr, Sehnorrenberg, Aluminium, September, 1936, 


undue segregations. It must be pointed out, The splitting of Cu Al. The’ splitting of Fe Al, 
however, that manganese, as a constituent crystals in an aluminium crystals in an aluminium 


of the alloy Duralumin, seems to cause 
manufacturers of this alloy undue amount 
of trouble, owing to its tendency to segre- 
gate out along with the copper and iron. 

Pure aluminium of 99-5°, is also known 
to exhibit inverse segregation of iron and 
silicon, even when these amounts are pres- 
ent in small proportions. They appear in 
various forms, depending upon casting con- 
ditions, but chiefly as exudations on the sur- 
face of casting, like needles, drops, balls, ete. 
S. M. Woronoff,* who thoroughly investi- 
gated this problem—especially in the case 


5 H. Lohner “Leber die umgekerte Blockseigerung von 
Al-Cu Leqierungen ALHZ Die normale und 
umpekehite lockseigerung von Al-(Cu."" Leqierungen in 
abhangigkeit con A LH Z (i982). 24 

9s. M. Wore nom. Zeitechr. Metkunde (192%), 310 

Masing. Zeitechr. Metkunde (1929). S. 251. Zeitechr. 
Methund> 4925). 251 
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A concentration of constitu- Striations of Cu Al, in an 
ents in the marginal part of aluminium forging. x 250. 
a Duralumin ingot showing 

inverse segregation. x 150. 

most profitable way good castings can be obtained is to 
achieve co-operation between the practical foundryman and 
the metallurgist. Experience has convinced that if, instead 
of attempting to discuss amongst the technical staff how 
and where a casting should be made, it is first placed 
before an experienced foundryman—usually the depart- 
mental foreman—and his opinion ascertained; the 
metallurgist can then express his views on the possibility 
of the alloy in question meeting the demands of design 
and castability, and the number of rejects would diminish. 
Strict technical control is essential in the founding of 
aluminium and its alloys, but it must not be allowed to 
travel beyond its legitimate bounds. 

Forging, however, is an entirely different process to 
casting: it is a fabricating process, and, as such, defects 
occur which are often due to faulty design with the alloys 
in question. It has been pointed out earlier in this article 
that many defects in forging are attributable to poor 
raw material. Coarse grain, pipes, pores, segregation, 
shrinkage, inclusions and shuts, often revealed in forged 
articles, cannot be attributed to defective forging. For 
example, considerable quantities of forgings are being made 
out of Duralumin, and there is ample evidence in the 
finished articles to prove that the common defects of coarse 
grain and segregation are indigenous to the original ingot. 
But in other defects, such as grain growth, overheating, 


Hot shortness in an aluminium forging through working 
at too low a temperature. x 0.5. 
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Oxide layers in the structure Hot shortness in an alum- 
of an aluminium casting. inium alloy. x 20. 


certain types of segregation, and poor physical properties, 
to be found in certain classes of forgings of aluminium 
alloys, can be traced to defective forging and consequent 
operations, inadequate annealing, etc. 

One common defect to be found in alloys containing from 
3°5°%, copper is the splitting of the CuAl, compound by 
working at too low a temperature. This results in low 
physical properties, particularly the elongation. Hot and 
cold shortness are also to be found in forgings worked at 
too high or too low a temperature. This manifests itself 
in the form of cracks, at first hair-like in size, but which 
in a short time develop into large cracks. No subsequent 
operations will cause a welding to take place, the metal 
itself having suffered internal deformation beyond repair. 
{t is common practice to try to remove small cracks by 
chiselling them out before the final forging operation, but 
this does not always remove the defect. 

All cracking, however, cannot be attributed only to 
working operations, many are traceable to inclusions and 
segregations—often the cause of folding—and it must 
not be forgotten that correct lubrication is an important 
factor in the successful forging of aluminium and light 
alloys. Great attention should also be given to obtaining 
the correct temperature for the dies, and correct tempera- 
ture and soaking time for the alloy to be forged. 

Summiarising the defects in forged articles of aluminium 
and_ its alloys, they may be traced to one or a combination 
of several of the following causes :— 


A micro-photograph of a section of material as shown 
in Fig. 10. x 100. 
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1. Faulty ingots. do not account for the natural propensities of the alloys 
2. Too hot or too cold working. being forged. Here again much can be saved in the way 


of reputation, time, and scrap material by co-operation 
between forgemaster and metallurgist. 
In conclusion, may I express my indebtedness to many 
people for their helpful co-operation, in particular Dr. 
5. Too many operations to provide proper lubrication; Schnorrenberg, of the Aluminium Zentrale,'® Berlin, for 
the latter often the cause of grain growth. information derived from his own works and for permission 
The fact must be stressed, however, that many defects to publish the photographs shown; also Mr. H. Judd, 
in forgings cannot be traced to defective material, but are chief metallurgist to the Sterling Metals, Ltd., Coventry, 
often a case of faulty design, leading to operations which for his advice on foundry technique. 


3. Incorrect die temperature. 
4. Incorrect forging temperature of the alloy, with 
insufficient soaking. 


Symposium on Wear of Metals Wear, considered from the point of view of power 
equipment, includes the deterioration of steam turbine 


blades, erosion testing, sealing strip wear tests, wear of 
valves and valve seatings, glands, packings, condenser 
tubes, pitting of pinion teeth, bearings and gears. The wear 
of carbon brushes on slip rings, the relation between the 
humidity of the air and the coefficient of friction between 
brush and ring are analysed, and the results of tests of 
metal-graphite brushes in air, hydrogen, nitrogen, and 
oxygen show that the brush wear is very low when the 
brushes operate in any one of the non-oxidising gases. 

Wear of metals in the textile industry is described and 
discussed, covering the following types of movement : 
Sliding (rectilinear, rotational, or by oscillation), rolling (as 
where a cam rolls over another cam), and continuous or 
intermittent impact. It is stated that about 600 points of 
wear exist in a modern loom. Basic considerations of 
machine design are considered, and the importance of 
materials for bearings, especially where space limitations 
are imposed. For instance, a bronze bushing with a 7% 
lead content is found to be unsatisfactory where there was 
oscillation on a bearing pin, because as soon as wear 
develops in the bearing the reciprocating action of the 
machine sets up a destructive impact load, rapidly making 
the bushing oval. 

In dealing with wear of metals in railway work, this is 
taken to mean only that caused by friction and abrasion. 
The influences of changes in operating conditions and higher 
speeds for both passenger and freight services are intro- 
duced, together with the effects of superheating. Correc- 
tives for wear were given, these including choice of materials, 
design, heat-treatment, and machining practice, and the 
choice of lubricants and their application. 

In the discussion given it is clear that engineers are 
concerned with the rates of wear of both rails and wheels, 
and mention is made of the fact that trials had been made 
with harder wheels in some places, instead of having wheels 
and rails of about the same composition and hardness. 


Tuts book comprises six technical papers that cover con- 
siderations in regard to wear-and-tear testing of materials— 
one paper having a bibliography of 137 important references 
and including definitions of wear ; the wear testing of cast 
iron; wear of metals from the automotive point of view ; 
wear in regard to power equipment ; the wear of metals 
used in the textile industry ; and, finally, a rather shorter 
paper discussing wear of metals as applied in the railway 
world, A welcome inclusion in this book is that of discussion 
of certain of the papers. 

The word * wear ” is defined in such a way as to include 
nearly all phases of wear, and draws no hard-and-fast 
dividing line between the first stage of wear involving 
mechanical deformation and the removal of surface which 
follows. The phrasing which was adopted was: ‘* Wear 
of a metal part is its undesired gradual change in dimensions 
in service under frictional pressure.” Many examples of 
wear were considered, and the section dealing with the 
mechanisms of wear is worth quoting: “ The wear of a 
metal by another usually occurs in one of two ways. In 
one, asperities on the surface of the one catch on asperities 
of the other, or penetrate to form mating asperities, and 
then particles of one or both mates are torn off in a fashion 
analogous to machining. In the other, the mating materials 
come into molecular contact (metallic contact), adhere 
under the existing pressure by a sort of welding (galling), 
and are then torn apart with particles of one adhering to 
the other. In the extreme this is called seizure, and 
naturally occurs the more readily the higher the pressure 
and temperature. Separation of the metals by a film of 
lubricant so that metal asperity cannot touch metal asperity 
or so that metal cannot come into molecular contact 
with metal avoids either type of wear. 

What happens to the metal debris resulting from wear, 
and to extraneous grit, is important. If this loose material 
deforms to tiny flakes or to rounded particles or crushes 


to infinitesimally fine particles, it may be swept off with the Published by the American Society for Testing Materials, 


lubricant. Or it may embed itself into one of the parts 260 S. Broad Street. Philadelphia. Pa.. U.S.A. Price 
and act as a lapping medium, or it might even embed itself $1.25. 


so deeply as to be out of contact with the mating part and - . 
removed from doing harm, as in the case of babbit bearings. Current Titles 
How the particles tear off, whether by splitting along THE first issue of a new publication has been received. 
cleavage planes or individual crystals, or by tearing out This is to be a monthly periodical which will each month 
of whole crystals along grain boundaries, has its influence list the tables of contents of the world’s main journals in 
on the type and rate of wear. the English language, covering the fields of engineering, 

The points covered in the paper on the wear of metals chemistry, geology, and technology. The first issue shows 
from the automotive viewpoint included the wear of gears, the useful manner in which the selected contents of the 
cylinder walls, piston rings, and connecting-rod bearings. leading trade journals in those fields will be displayed. 
It is stated that connecting-rod bearings seldom fail To make the publication more informative and of more 
through wear, but illustrations of rod bearings that had value as a reference book, the tables of contents of the 
failed from fatigue and through the bond being too low in periodicals included in it have been edited to cut out 
strength in fatigue are given. Rear axle ring and pinion ©Xtraneous and non-technical contents. The book should 
gears are instanced in the discussion on heavy duty gears, ‘®V¢ much reading time, form a current and an annual 

: : cumulative index, and is of a convenient size for the 

pocket, being 6in. x 9in. The first issue contains 78 
pages inclusive of the covers, which carry index matter 
tabulated. 

Subscription rates, outside U.S.A., are $4 for one year, 
and $6 for two years. Publishers are “ Current Titles from 


the two most common causes of surface failure being those 
of pitting and scoring. The author of that paper stated, 
however, that it is uncommon when the wear of these parts 
causes much concern in present-day practice. The wear 
of piston rings and in some cases cylinder bores, while in 


no way alarming, does present opportunity for improve- Engineering Journals,” 928, Broadway, New York, N.Y., 
ment. U.S.A 


- 
\ 


DerceMBeER, 1937. 


METALLURGIA 


Modern Views of Cast Iron 


By A. L. Norbury, D.Sc. 


British Cast Iron Research Association, Birmingham. 


With the ever-increasing severity of service conditions, the problem of providing materials for 
exacting requirement has, and is, necessitating considerable research in the development of suitable 
compositions of that complex material which is widely classified as cast iron, but recent develop- 
ments have broadened our knowledge of this material ; modern views regarding it were presented 
recently by Dr. Norbury before the Manchester Metallurgical Society, and are revised in this article. 


properties on solidification can be greatly affected. 

by “inherent properties” or conditions in the 
molten metal which are not revealed by ordinary chemical 
analysis. We now think these “inherent properties ” 
result from the presence or absence in the molten metal of 
large numbers of minute solid slag particles, such as 
silicates, ete. Such particles are so small that although 
their number may be of the order of one million per cubic 
inch of molten metal, their weight is only of the order of 
0-1%, of the melten metal. They are at present difficult 
to separate and estimate by chemical analysis, but may be 
readily seen under the microscope. (Since, for example, 
cubic particles roo in. in width across the cubic face 
would appear large—i.e., 1 in. in width at 1,000 magnifica- 
tions, but 1,000,000 of such particles per cubic inch of metal 
would only occupy 1,000,000 x (ress) cubic inches = 
0-1% of a cubic inch. Such particles would be ris in, 
apart between centres.) 

In what follows, it is proposed first to show the different 
microstructures that can be obtained in irons of the same 
analysis, to indicate the way such differences may be 
produced, and to outline the theory which has been put 
forward to explain them; secondly, to show how the 
mechanical and physical properties of the metal are affected 
by such differences; and thirdly, to show that certain 
other alloys are affected in a similar manner. 


Different Graphite Formations in Cast Irons 
of the Same Analysis 

Fig. 14 shows at 200 diameters an ordinary hematite 
(i.e., non-phosphoric) cast iron containing 3} T.C., 24% Si, 
3°, Mn, cast into a 3-in. diameter bar in a sand mould. 
The structure consists of black flakes of graphite in a steel- 
like matrix in which the silicon, manganese, and some carbon 
is dissolved. Fig. 18 shows, at the same magnification, 
metal from the same crucible melt after it had been treated 
in the molten state, before casting, by adding 0+2% 
titanium and oxidising the titanium by bubbling carbon 
dioxide gas through the molten metal.t| The analysis, 
apart from the 0-2% titanium, was unchanged, and the 
casting conditions were the same, but it will be seen that 
the graphite flakes are very much finer. Similar differences 
in graphite formation in two phosphoric irons having 
practically identical analyses (T.C., 3-6%; Si, 1-6%; 
Mn, 0-8% ; 8, 0-07% P, 1-1°%), apart from the titanium, 
are shown in Figs. 24 and 2B, also at 200 diameters. 
Uniform-sized graphite structures of intermediate size can 
be obtained between the extremes shown in Figs. 1 and 2, 
also non-uniform—i.e., mixed sized structures. The latter 
are the ones most usually obtained in commercial castings. 


Cr iron is an alloy whose microstructure and 


Theoretical Explanation of Conditions which Affect 
Graphite Formation 

The theory put forward? to explain these differences is 
that the coarse graphite structure is produced when solid 
non-metallic inclusions, such as silicates, are present in the 
molten metal, when the temperature (1,140° C.) is reached 
at which the graphite separates out from the molten metal, 
and that solid inclusions assist and initiate the solidification 


1 The process has been covered by B.C.1.R.A. British and foreign patents 


B 
Right, fine graphite, 
x 200 


A 
Fig. 1.—Left, coarse graphite. 
in hematite irons. 


of solid graphite. When solid inclusions are not present, 
due to the melt being free from inclusions or due to the 
inclusions it contains being still liquid at 1,140° C., it is 
assumed that the solidification of the graphite does not 
occur when it should, but undercools to a lower temperature, 
at which it separates and solidifies in a much more finely 
divided state. 

It is assumed that the action of titanium and oxidation 
is to change the silicate slag inclusions to silicate-titanate 
slag inclusions of lower melting point, so that they are still 
liquid when the graphite is due to solidify. Kish has a 
coarsening action. 

Moreover, if the molten metal in the above (fine graphite 
forming) condition is subjected to reducing conditions—for 
example, by treating with hydrogen—a coarse graphite 
structure is formed. The suggested explanation is that 
FeO is reduced to Fe and the melting point of the slag 
inclusions consequently raised. Melting in contact with 
coke also tends to produce the same effect, which makes 
the production of fine graphite iron more difficult in the 
case of cupola melting, as discussed below. 


2 Norbury and Morgan. Journal of the Iron and Steel Institute. 1936, ii, p. 327-358. 
3 D. Hanson. Journal Iron and Steel Institute. 1927. (ii), p. 129. 


Transactions, American Foundrymen’s Association, 1926, v.34. 


4 E. Piwowarsky. 
Pp. 914-985. 
5 F.J. Cook, Proceedings of Staffordshire Iron and Steel Institute, 1909-10. 
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Fig. 2.—-Left, coarse graphite. 
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A B 


Fig. 3.—Left, coarse graphite ; Right, mixed graphite. 
in low total carbon non-phosphoric irons. x 200. 


Production of Fine Graphite Formation 

The fine graphite structure can be produced as above, 
and is also produced if cast irons are made from very pure 
synthetic materials melted in vacuo—as found by Hanson,* 
—the resulting melts being inclusion-free. It is also pro- 
duced, as found by Piwowarsky* and others, by super- 
heating the melt to 1,500° C. or over, which is assumed 
to cause the decomposition of silicates to silicon by carbon, 
the result being again an inclusion-free melt. 

From the practical point of view, however, the presence 
in the pig iron of titanium, with its graphite-refining effect, 
is the most important. Hematite pig irons in this country 
normally contain below 0-1°, titanium, and this is not 
enough to refine the graphite. Phosphoric (e.g., 1-5°% P) 
irons, however, contain round about 0-2°,, and this may 
be enough if the melting conditions are oxidising. A 
Norwegian pig iron, known as Vantit, contains up to 
0-6°,, titanium, and gives completely refined graphite 
structures if melted under oxidising conditions, with 
sufficient steel to prevent kish formation. 

In crucible melts the fine graphite structure can be 
produced in any composition (unless aluminium or certain 
other elements are present), and from nearly all pig irons, 
by treatment with titanium (ferro-silicon-titanium) plus 
carbon dioxide. About 10°, steel must usually be added 
to reduce the carbon content so that kish is not formed. 
Sufficient titanium in the pig irons in the charge makes 
addition of titanium unnecessary. 

The treatment of ordinary cupola metal in the ladle is, 
however, usually unsuccessful, partly owing to the tempera- 
ture falling, but mainly owing to the fact that during 
passage down the cupola, reduced silicate inclusions form 
in the metal which prevent the required composition of 
titanium inclusions being formed. Rotary furnaces tend to 
give intermediate results between crucible and cupola 
furnaces from the above point of view. 

The production of fine graphite castings by melting 
titanium containing charges in the cupola is, owing to the 
coke contact, less easy than melting the same charges in 
the crucible, but work carried out by Mr. E. Morgan shows 
that it can be done if the cupola is operated suitably. Most 
commercially available pig irons do not contain sufficient 
titanium to refine in this way, although as stated above, 
some of the phosphoric pig irons contain nearly enough. 
(Incidentally, some of the hematites made some years ago 
did contain sufficient.) If, however, pig irons were available 
in hematite or phosphoric compositions, containing 0-2°, or 
more of titanium in the right form, it is thought that there 
would be little difficulty in producing the fine graphite 
from cupola melts; at all events, it could be produced 
in not too thick sections. (It will be noted that it follows 
from the above that the titanium content of a pig iron is 
not necessarily an exact guide to the ease with which it will 
refine, since the titanium may be in the form of inclusions 
of the wrong sort. For example, treatment with hydrogen 


gives coarse fractures even when titanium is present.) 
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Production of Coarse Graphite Formation 


The-coarse graphite structure, on the other hand, is 
formed when the silicon in inclusion-free melts is allowed 
to oxidise ; by adding aluminium and oxidising it ; or by 
adding calcium silicide. In the latter case, it is suggested 
that high melting point calcium carbide particles are formed, 
since this reaction is known to occur and the fractured 
iron smells strongly of acetylene. If low total carbon irons 
are “inoculated”’ in this way, the uniformly coarse 
graphite structure (Fig. 3a) gives higher strength than the 
mixed fine and coarse structure (Fig. 3B) more ordinarily 
obtained. (Figs. 3a and 3B are discussed later in connection 
with Table I.) High strength Mechanite and Ni-tensyl 
grey cast irons are produced by this type of “ inoculation ” 
process. Ordinary cupola metal usually contains mixed 
graphite structures, which are chiefly coarse in the case of 
hematite melts and chiefly fine in the case of phosphoric 
iron melts, on account of the difference in their titanium 
contents. The size, of course, also depends to a large 
extent on the section. 

It must be emphasised that these differences of graphite 
size are not merely of academic interest. They are of great 
practical interest, since variations are liable to occur from 
day to day in any foundry, resulting from differences in 
the type of charge used to get the same final analysis, and 
differences in the way the cupola is working—for example, 
whether oxidising or reducing. Such differences will not, 
of course, be as extreme as those shown in Figs. 1a and 1B, 
or 24 and 2B, but may be sufficient to have quite a con- 
siderable effect on the properties of the metal. 


Effect of Graphite Formation on Properties 
; of Grey Cast Iron 
Considering now the differences produced in the properties 
by the coarse and the fine graphite formation in cast iron :— 
(a) Strength—The effect on the strength is complicated. 
The tensile strength ot the very coarse iron shown in 


A B 
Fig. 4.—Left, normal. Right, modified aluminium- 


silicon alloy. x 230. 

(From Gwyer and Pailips, Journal of the Institute of Metals, 1926 (ii)). 
Fig. 1a was 7} tons per sq. in., and that of the fine iron 
shown in Fig. 1B was 19} tons per sq. in. The fine graphite 
irons are, however, only considerably stronger than the 
coarse if the latter are very coarse and high in total carbon. 
In the lower total carbon irons there is not much difference 
in the strength figures, and the coarse may even be stronger, 
since the coarse graphite flakes, if few and far between, are 
not sufficiently continuous to weaken the iron to the same 
extent as do those in a high total carbon iron, as shown in 
Fig. 1a. A further complication regarding the strength is 
that a mixed fine and coarse structure (Fig. 3B) in a low total 
carbon iron gives a lower strength than either a uniformly 
fine or a uniformly coarse (Fig. 34), as shown in Table I. 
It will be noted that the mixed flake formation in Fig. 3B 
offers more continuous lines of weakness than does that 
in Fig. 3a. 


otek, 
Ra 
CL FS A 


DECEMBER, 1937. 


(6) Fracture and Phosphide Network Formation.—The 
coarse graphite formation gives the usual grey fracture 
containing shining black graphite flakes in high carbon 
compositions. The fine graphite gives a close sooty black 
fracture like blackheart malleable, and a honeycomb 


TABLE I. 
Cast Irons A Aanp B or THE SAME ANALYSIS AND DIFFERENT 
MECHANICAL PROPERTIES 
(1-2 in. Diameter Sand-cast Bars). 
A 


B 

0-80 0-62 
Transverse strength (tons per sq. in., 18 in. 

Tensile strength (tons per sq. in.) ...... 23-4 14-4 
Repeated impact (number of blows to 

Brinell hardness (10/3,000/30).......... 241 ee 207 


network formation of the phosphide which becomes 
increasingly evident as the phosphorus content increases. 
This phosphide network formation, which is a characteristic 
of fine graphite formation, was first noted by F. J. Cook, 
whose work® on its foundry production from cupola melts 
by the use of certain selected pig irons (titanium-containing) 
and by operating the cupola in a certain manner, is of 
special interest in relation to the commercial cupola 


Fig. 5.—Coiled tungsten Fig. 6.—Left, coarse. 
filaments prepared from Right, fine grained steel. 
oxide containing: Top, x 35. 
less than 0.02%, im- 
purities; Middle, 0.7°%, Sine Ghat" 
thoria; Bottom, 0.2°, E19-33T). 
NaCl, 0.3% KCl 0.4% 
SiO, (which removes im- 

purities). 


(From Smithell’s “ /mpurities in 
Metals 


production of fine graphite castings discussed above. His 
high strength figures for the composition of cast iron used 
are also very significant. 

(c) Combined Carbon Content and Wear.—The fine 
graphite formation tends to give a lower combined carbon 
content than the coarse and has poor wearing qualities, 
especially in low phosphorus irons, steps being taken to 
avoid its formation in the manufacture of piston rings, etc. 
If, however, the combined carbon were to be kept up by 
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Fig. 7.—Edge of whit 
Note fine grain rim at A. 


heat-treatment of altering the composition, the fine 
graphite might not prove disadvantageous in such applica- 
tions. The fine graphite machines more easily and gives 
a much better finish. 

(d) Soundness and Fluidity —Work recently carried out 
by Mr. A. A. Timmins of the B.C.I.R.A., and not yet 
published, has shown that in phosphoric (1 -2°, P) cast irons 
the fine graphite formation has remarkably greater freedom 
from porosity ; the fluidity was also found to be greater. 

(e) Growth, Corrosion, Enamelling Properties, Electro- 
plating. —The fine graphite structure is more resistant to 
growth or internal oxidation down the graphite flakes, and 
also to certain types of corrosion, especially when accom- 
panied by a phosphide network. To other types of corrosion 
it has been found to be inferior. It has been found to have 
better vitreous enamelling and electro-plating properties. 

Consequently, for many purposes, the fine graphite 
structure is desirable ; for other purposes, however, it is 
undesirable. (It should also be mentioned that in phos- 
phoric irons it tends to produce phosphide sweat on the 
surface of the castings. This, however, can be avoided by 
altering the composition so that the manganese is not quite 
sufficient to neutralise the sulphur present—which in- 
cidentally, increases the combined carbon. Alternatively, 
if the graphite refining is not carried to completion, the 
phosphide sweat will not result.) In any case, the ultimate 
aim must be to be able to control the graphite formation 
and produce at will coarse, intermediate, or fine graphite 
structures, according to which have been found to give the 
best results in a given application. 

6. Refining of Structures in Other Alloys.—Considering 
now variations in structure in other alloys—in some cases 
of a very similar sort ; in other cases of a different sort ; 
but in all cases produced by non-metallic inclusions, 
Fig. 4 shows normal and modified aluminium-silicon alloy 
structures, and their similarity to cast irons is evident. The 
aluminium-silicon alloy is modified by adding about 0-1°, 
sodium, which, it is suggested, is precipitated from the 
molten metal during cooling as fine liquid particles which 
precipitate on the solid particles of Al,Os, etc., present, and 
coat them with liquid, and prevent them “ inoculating ” 
the silicon solidification. Copper in excess of its liquid 
solubility at the graphite eutectic solidification temperature. 
has a similar refining effect on the graphite in cast iron. 
Incidentally, it is not suggested that this effect of inclusions 
occurs in all eutectic alloys ; it apparently only occurs in 
certain types. 

That non-metallic inclusions may affect the grain size of 
metals is shown in Fig. 5, which shows the effect of thorium 
oxide in tungsten wires. This effect on the solid crystallisa- 
tion is obviously not directly comparable with the effect 
on the solidification of eutectics from the liquid state, but 
what they have in common is that they are both due to 
minute quantities of non-metallic inclusions. The effect of 
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aluminium oxide in producing fine-grained ‘‘ abnormal ” 
steels (Fig. 6)—assuming this is the explanation of the 
production of fine-grained steels by the addition of > 0-1%, 
aluminium—is another example of grain refinement by solid 
non-metallic inclusions. The fine pearlite rim in whiteheart 
malleable, shown in Fig. 7, is, it is suggested, also due to the 
effect of silicate, etc., inclusions formed by oxidation 
penetration. 

As another instance, the graphide nodules in malleable 
iron usually contain non-metallic inclusions at their centres, 
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and there is considerable evidence to show that such in- 
clusions help to initiate the deposition of temper graphite 
on annealing. 

The above are all put forward as instances in which the 
microstructure, and consequently the properties, of any 
alloy are affected by traces of impurity in the form of non- 
metallic inclusions, whose presence and influence have only 
recently been realised. It is evident that many other alloy 
systems and non-metallic systems must be influenced in a 
similar sort of manner. 


Steels and the Engineer 


By J. A. Jones, M.Sc. 


That engineers need metallurgical training was emphasised by Mr. Jones in a recent lecture 
before the Staffordshire Iron and Steel Institute, the main features of which are given in this article. 


HERE are available at the present time a large 

number of constructional materials, and their 

properties increase in intricacy every year. To facilitate 
proper selection from these materials the engineer needs a 
metallurgical training, unfortunately, however, he was 
not sure of this question of metallurgy, and frequently 
ignored it. It is probable that engineering practice will 
not allow this unsatisfactory position to continue, and some 
effort will be made to incorporate a more useful metal- 
lurgical training in the education of the engineer, 

Metallurgy can be classified under three headings— 
winning metals from their ores, analytical metallurgy, and 
physical metallurgy. The last-named is a child of the 
present century, and can also be termed engineering 
metallurgy. The engineer to-day should have a passing 
knowledge of the various methods by which steel is pro- 
duced, such as the Bessemer, open-hearth, and electric 
processes, though the bulk of steel is of course produced 
by the open-hearth process. The large quantities of metal 
to be dealt with in this process require, on the part of the 
steelmaker, a considerable amount of experience, and also 
call for the greatest amount of skill on the part of the 
metallurgist and the engineer. 

A designer of any structure, in calculating the stresses 
in a piece of steel, must assume that the material is uniform 
in properties. Unfortunately, nature had other ideas, and 
can assume form without uniformity. The structure and 
properties of a block of steel vary from the outside to the 
interior. The outside of an ingot is a very difficult problem, 
and it is the practice in some steelworks to completely 
scalp the ingot. The properties of the ingot depend 
upon a composition involving carbon, silicon, sulphur, 
phosphorus, manganese, and probably other alloying 
elements, such as chromium or nickel, Casting conditions, 
such as temperature, rate of pouring, method of pouring, 
changes of volume, and escape of gases, also enter into the 
determination of the structure of the resulting metal. 
It was a tribute to the steelmaker that so many tons of 
steels were received in good faith and passed on to con- 
structional work, such as locomotives, motor-cars, etc. 
These were some of the reasons why the engineer ought to 
have a passing familiarity with the different methods of 
production and the metallurgy of steel. 

Analytical metallurgy is a very important branch, as it is 
always important that materials should be carefully 
checked. In physical metallurgy the use of the microscope 
and pyrometer has added a new aid to metallurgy. They 
have not only played a part in the development of new 
alloys, but have now become necessary gauges for con- 
trolling the quality of the metal. At first the engineer 
found himself confronted with an alphabet which was 
Greek to him. Such words as austenite, martensite, for 
instance, and equilibrium diagrams, are rather fearsome, 
but actually they are not very difficult, and with a little 


familiarity the engineer would appreciate these metallur- 
gical terms, and understand with every confidence an 
austenitic steel or a sorbitic cast iron, and know their 
properties. 

What justification is there, however, for stating that the 
engineer needs to know something about microstructure? 
Microstructure, and hence the properties, are a result of 
the thermal and mechanical history of the metal. It has 
been appreciated for a long time that two pieces of steel 
from the same bar, having identical tensile properties, may 
have different impact values due to difference in grain 
size. Heat-treatment operations, unless carefully con- 
trolled, can place the steel in the hands of the engineer 
under the wrong grain size. 

The modern motor-car has made an intense demand for 
steel sheets, and this has brought about a lot of new control 
practice to meet the engineer’s demands. The microscope 
will tell the engineer, every time, why a steel becomes torn 
in the die. Grain size control, giving small grain size, 
enables the engineer to have a smooth surface in deep 
pressings. Approximately one break-down in every eight 
is due to a broken axle shaft, The back axle shaft carries 
all the stresses, increased engine speeds and braking adds 
to the demands of this part of the car, Keeping in mind 
the metallurgical history, and the possibility of fault in 
the structure, it is not difficult to realise why that part fails 
so easily. A defect arising in one operation may not 
become apparent until a subsequent operation, or perhaps 
even until the car halts suddenly. Mr. Jones has discussed 
this problem with motor firms, and none admit that failures 
are due to structural faults. It has been suggested that the 
thickness of the section should be increased, but this has 
been tried with no better success. Another suggestion is 
that this axle requires, not so much an increase in strength, 
but an increase in flexibility. This involves the whole 
problem of the mechanism of fatigue failure and the 
mechanism of deformation, and suggests that not only the 
engineer, but also the metallurgist has still a lot to learn of 
the structural properties of steels. 

Referring to grain size control, Mr. Jones said that, 
resulting from work in America and more recently in this 
country, it had been found that steels trom the same 
furnace and with the same chemical composition behaved 
differently on shaping and heat-treatment, and only during 
the last few years had the obvious deduction been made 
that these steels varied in their grain size, and that this was 
probably responsible for the difference in their properties. 
Manufacturers have set out to find how to control this grain 
size, and now they can, day by day, and batch by batch, 
send out steel which had a controlled grain size. Grain size 
control is not the immediate cure for all ills of shaping and 
heat-treatment, and the manufacturer must be able to 
suggest a suitable grain size for each new shape, dimension, 
or new series of operations, 
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Reviews of Current Literature 


Alfred Krupp 
Or hundred and fifty years of Krupp history are 


detailed in this book, which has been based upon 

documents from the family and works’ archives, by 
Wilhelm Berdrow, and published by Verlag fiir Sozialpolitik, 
Wirtschaft und Statistik, Paul Schmidt, Berlin. The 
translation is by Fritz Homann. 

Although the book covers four generations of the Krupp 
family, the main figure throughout is that of Alfred Krupp : 
a man who devoted 60 years to the development and 
recommendation of steel for many purposes ; a man who 
was far ahead of his time in that he put his trust in steel 
in an age of iron, and whose outlook was national in a 
liberal-minded period. 

The history of Krupps actually dates back to 1587, 
the first of this line being Arndt Krupp. He and his son 
carried on the trade of iron and steel founders and of 
firearms in the town of Essen. The founder of the Krupp 
cast-steel works was, however, Friedrich Krupp, father of 
Alfred. The ironworks had done profitable business with 
Holland, in all sorts of iron castings, until the influence of 
Napoleon put an end to this. Soon after Friedrich took 
over the ironworks he received an order from Dinnendahl 
for a steam-engine, this being described as a “ fire-engine.”’ 

The foundation of the cast-steel works at Essen was based 
on a contract made on November 20, I8I11, between 
Freidrich Krupp and the two brothers von Kechel, with 
the object of establishing works for the manufacture of 
English cast steel, Krupp providing the finance and 
facilities, and the von Kechels claiming to supply all the 
necessary knowledge. But it was soon apparent that the 
latter had little or no practical knowledge, although they 
carried out small-scale experiments. Yet Friedrich Krupp 
did not see their incapacity for quite a long time, as he was 
working hard and long, helping and supervising the digging 
of ditches, drainage, the erection of buildings, travelling 
to secure the best grade of iron for the works, and to engage 
suitable men. 

The process to be adopted when the works were com- 
pleted consisted of heating pure iron bars to red heat, with 
additions rich in carbon, in a slow-burning cementing 
turnace, and producing cast steel from the cemented steel 
thus obtained by crucible melting. 

Business conditions were bad, and got worse, and it was 
not until after many difficulties had been overcome that 
Friedrich gradually discovered that the requirements for 
cast steel were pure iron and well-desulphurised coal, first- 
class crucibles, and a strong blast high-temperature furnace. 
Ingots became larger and of better, more uniform quaiity, 
and in the summer of 1817 a sample sent to the Berlin Mint 
led to a lasting connection. But this measure of success 
was of doubtful value, making F. Krupp too optimistic. 
He wanted to extend considerably before he could be at all 
assured of the uniform quality of his steel, whilst to reduce 
costs he started using iron scrap from a local sheet-rolling 
mill, instead of the previous Osemund iron. He spent his 
time in supervising new buildings, instead of in the mill, 
where his presence was more than ever required. 

The life of Friedrich Krupp, though short, was far from 
wasted. His technical skill was generally recognised, even 
though his optimistic temperament would not allow him 
to develop his talent to the full. He passed to his son 
Alfred both knowledge and a love of iron and steel working 
that the latter developed with tremendous physical and 
mental energy. 

Gradually, Alfred succeeded in making small forged rolls, 
but with great difficulty, as they were apt to crack in the 
hardening process. A cousin advised him to forge the ingots 
for rolls and dies in square section, which he did, and found 
most satisfactory. He then designed a grinding bench, and 
set.up a turning installation, but it was not until August, 
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1830, that he finished his first pair of faultless hardened 
steel rolls, Alfred then being 18 years old. 

Economic conditions made it necessary for the pro- 
duction of rolls to become the main article of manufacture 
of the firm. Machine tools and equipment were being 
improved, and the manufacture of steel rolls for more 
varied application was developed, but only after long and 
costly experimental work, accompanied by major diffi- 
culties in the form of lack of finance, heavy debts, and 
shortage of water for the mills, 

Alfred envisaged a steam-engine, and started to build one 
of 28h.p. At this time there was an increase in steel 
consumption for machine parts and rolls. Additional 
finance was found, and Alfred Krupp began to travel, 
going far afield and bringing in large orders for fulfilment. 
But, whenever he returned to the works he found that his 
absence had had a bad effect, and there were hosts of diffi- 
culties to overcome. But by energy and personal super- 
vision, thousands of coining dies and rolls of all sorts and 
sizes were produced. 

This member of the Krupp family started in June, 1838, 
for a trip to France and England. In Paris he visited 
hundreds of goldsmiths and secured orders for very small 
rolls, highly polished ; after which he went to London and 
thence to Sheffield, Liverpool, and farther North, noting 
everything of interest and value. 

The manufacture of cast-steel cannon was considered in 
1844. Eventually the first cast-stee! cannon was produced, 
with a calibre of 6-5cem, In 1851 the first International 
Exhibition was held in London, at the Crystal Palace. 
Krupp took a stand and made his main exhibits the first 
cast-steel gun and the largest crucible cast-steel block in the 
world, two things that no one else at that period had been 
able to produce. He was awarded the Bronze Council Medal, 
the highest award in his class. In the same year the 
Krupp firm succeeded in getting a contract from a 
Birmingham firm for a big installation, and the sale of the 
patents for spoon-rolling mills. 

Now, business was expanding, two cast-steel shafts were 
ordered for the new Rhine steamers, a heavy paddle wheel 
axle followed. A big hammer became a necessity. This 
was designed, cast, and made in the works, the first block 
of steel was placed on the anvil in June, 1852. Orders for 
locomotive crank axles, new railway tyres of cast steel 
without welding seams, were received, the latter making 
it essential to have a large rolling mill. At this time such 
an item could not be bought, so Krupp and his engineers 
set about making a tyre-rolling mill, succeeding at the 
second attempt. Railway business then formed a large 
part of the Krupp activities. 

The year 1855 seems to have marked the real beginning 
of Krupp design and production of cannon, business being 
done with Russia and Egypt, but results from the Prussian 
authorities were long in coming. This development meant 
that the main production of the Essen factory were now 
instruments of traffic and instruments of war. Experi- 
ments were carried out, comparing English weapons and 
the Krupp productions, with a strong prejudice in favour of 
English armament by the German naval authorities. Yet 
after many difficulties and many handicaps, to say nothing 
of obstruction by apathy, Krupp eventually secured an 
order for the ships’ guns. 

The Franco-Prussian war of 1870 saw Krupps exerting 
every effort to produce more and more big guns; mortars 
firing 1,000 Ib. shells were made and offered to the Minister 
of War, yet were refused several times. Krupp stated 
that it was his intention that human life should be spared 
by bringing into action the most effective war machinery, 
thus shortening the attack on any particular point and 
reducing the amount of hand-to-hand fighting. This 
admirable ideal did not, however, seem to apply to the 
enemy forces as well. The firm even made a small-calibre 
cannon with high elevation for firing at the balloons then 
being used over the Paris district—the first anti-aircraft 
gun, 
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After the Great War the demolition of the armament 
equipment left literally a heap of ruins at Essen, a skeleton 
staff of workers—many returning home from the war, 
married men and invalids—-started to build again. The 
design and manufacture of fine mechanical apparatus and 
machinery, typewriters, calculating machines, and cine- 
matographs gave temporary help and provided work, but 
noreturn. The building of Diesel motors, textile machinery, 
and agricultural equipment was also taken up. 

Locomotive building and all the heavy parts needed for 
railway stock provided the greatest possibility for develop- 
ment, and up to the end of 1935 the locomotive department 
had supplied more than 1,500 locomotives, of which one- 
third had been exported. The production of motor lorries 
special motor-cars, and agricultural machinery also devel- 
oped rapidly. 

Steel plants and the blast-furnace at Rheinhausen 
contributed largely to the production of peace products ; 
stainless steels, acid- and heat-resisting steels, special 
steel alloys, ete., helped the firm to regain its previous 
important position in the economic life of Germany. 

From 1926 a slow improvement of conditions began. 
On the banks of the Rhine-Herne canal at Borbeck, blast- 
furnaces and steel and rolling mills had been built. The 
production of pig iron completed the link in the chain of 
processes for cast-steel production, and a new giant press 
was installed. Big coking establishments and new coalmine 
shafts were started. 

Alfred Krupp started a social betterment policy in 1870. 
This was continued by his son and by his son’s wife, and by 
their successors. Some 28,000 habitations are owned by 
the works and let at low rentals to the employees ; there 
are the large housing settlements of the Margarenthenhéhe 
and the Krupp Building Society ; hospitals, convalescent 
homes and recreation homes are supplemented by house- 
keeping schools and shops for the training of apprentices. 

This excellent book takes us to the fifth generation of 
Krupps. It is of value for its historical and biographical 
interest, and for the lessons it contains. 


Aluminium Overhead Transmission 
Lines 


THe whole subject of the application of aluminium in 
overhead power lines is covered very fully in “ Aluminium- 
Freileitungen,’ (Aluminium Overhead Transmission 
Lines), described as *“A handbook for the design and 
construction of high tension overhead transmission lines.” 
It is based upon the work of Dr.-Ing. P. Behrens. Dipl.-Ing. 
L.Lux, and Reg.-Baumeister J. Nefzger, and published 
by Aluminium-Zentrale G.M.B.H., Abt.Liter.Biiro, Berlin, 
W.9. 

The contents are profusely illustrated with photographs, 
graphs and diagrams, consisting of 256 pages exclusive 
of a comprehensive list of references and a buyers’ guide. 
In addition to the chapter headings and usual sectional 
titles, there are small sub-heads which facilitate reference. 

Several types of pylon are illustrated, single and double 
tier, ranging from spans of 250 to 350 metres. The 
material for such transmission lines is dealt with from the 
point of view of designing grid lines, with details of 
magnetic conductivity and specific gravity, elongation and 
safety limits, stress in relation to span length; sag and 
all other factors to be considered in the design and erection 
suitability of mica insulation under 
duration, and resistance 
and stability under all 


of power lines; 
conditions of maximum stress ; 
to short circuiting and arcing : 
atmospheric conditions. 

That first section is followed by a shorter division 
devoted to construction details and the properties of 
aluminium cables; the development of diverse types of 
aluminium transmission lines, including a particularly 
useful chapter on surface on surface defects and corrosion 
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and details of pure aluminium, steel-aluminium, hollow 
wire, torsionless cable, and cable damped against 
oscillation. 


The second main division covers transport, packing and 
storage of cables, erection by means of winch, rollers and 
pulley blocks, with trestle support of cables during erection 
and connection to each pylon—a well illustrated and very 
clear exposition of the mechanics of erection, with details 
for connection of cables at insulation points. 


The third section considers this latter point in full detail, 
with methods of fastening and connection, and contains 
excellent diagrams for making joints, yokes and stirrups ; 
methods of lashing wires both with and without clamp; a 
most comprehensive range of photographs illustrates the 
many ways of connecting cables to pylon insulators ; 
fastenings of all kinds are described and illustrated. 


An appendix of 59 pages can be regarded as the fourth 
main section of this book. Printed on tinted paper for 
immediate reference, this appendix includes many formule, 
tables, graphs and diagrams. The mechanical and electrical 
constants of material for transmission cables are given : 
instructions for calculating sag in lines are followed by 
tables of relatives data for various cross sections, weights 
and span lengths, for copper, pure aluminium, Aldrey 
and steel-aluminium (1 : 4, and 1 : 6). This final and 
reference section is, we consider, one of the most valuable 
features in a book that covers its subject in a competent 
and very thorough manner. 


Aluminium Handbook 


THE 8th edition of the Aluminium Handbook, * Aluminium 
Taschenbuch,”’ published by  Aluminium-Zentrale, 
G.M.B.H., Berlin, W.9, contains twelve main sections 
followed by a section devoted to extremely useful tabular 
matter. 


The subjects covered include statistics of aluminium 
production and consumption, and the variations in price 
of aluminium between 1890 and 1937; the process of 
production, from the extraction of aluminium acetate to 
the reduction of the acetate to aluminium, and refining 
of raw materials and subsequent treatment of the primary 
metal ; a flow sheet diagram of the Bayer process is given. 


The specification of pure aluminium and tables of 
physical characteristics are excellent for reference, and 
aluminium alloys are dealt with in the fullest possible 
detail, with analysis of English, German and American 
alloys under their trade names. This forms one of the 
most detailed and informative sections in the book. 


A shorter chapter gives recommendations and tabular 
matter regarding testing of materials, and is followed by 
a chapter on what the designer and engineer needs to 
know about aluminium—a useful scientific section. There 
is a useful section on casting and foundry practice, 
interspersed with graphs, diagrams and illustrations ; and 
a chapter on methods of checking and controlling tempera- 
tures is also of undoubted value. 

Drilling, reaming, tapping, turning and milling—with 
diagrams and recommendations for cutting angles of tools 
—rivetting and welding are other subjects treated in a 
clear and authoritative style. 


Other sections deal with aluminium powder and colour ; 
aluminium foil; the chemical properties of the metal— 
including a most valuable section showing the chemical 
stability of pure aluminium and of aluminium alloys 
without copper—and there is a well-detailed chapter on 
the application of aluminium and its alloys in the electrical 
industry. 

This 377 page book is indexed, contains much genera 
information in addition to the twelve main divisions and 
tabular matter, and contains a number of references. 
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Business Notes and News 
British Foundry School 


The following additions have been made to the Governing 
Body of the British Foundry School: Mr. E. Bowen, W. and 
T. Avery, Ltd., Soho Foundry, Smethwick ; Mr. J. F. Davies, 
Managing Director, John Wright and Co., Ltd., Birmingham 
(Radiation, Ltd.); Mr. A. McKinstry, M.Se., M.I.E.E., 
M.I.Mech.E., Managing Director, Babcock and Wilcox, Ltd., 
London and Renfrew ; and Mr. W. A. Stanier (Vice-President, 
Institution of Mechanical Engineers), Chief Mechanical 
Engineer, London, Midland and Scottish Railway Company, 


Euston, London. 


Iron and Steel Production 

The November production of 1,178,000 tons of steel repre- 
sents the highest monthly rate ever attained ; this making up 
for the slight reduction in the monthly total for October, 
which was 1,113,600 tons. The November production of 
pig iron was 762,300 tons, a decrease of 7,300 since October. 
The total included 161,200 tons of hematite, 422,700 tons of 
basic, 148,200 tons of foundry iron, and 14,200 tons of forge 
pig-iron. One hundred and thirty-five furnaces were in blast 
by the end of the month, five having been blown in during 
November and three having closed down. The first of the two 
new blast furnaces at Ebbw Vale contributed to the total, 
although not working to capacity during the month. 


The Birmingham Electric Furnaces Dinner 

Birmingham Electric Furnaces, Ltd., held their seventh 
annual dinner-dance at the Grand Hotel, Birmingham, on 
December 3; the dance also serving as an additional celebra- 
tion of the Company’s tenth anniversary. The principal 
guests were Mr. D. Owen Evans, M.P., Vice-President of the 
International Nickel Company of Canada and delegate Director 
of Birmingham Electric Furnaces, Ltd., and Mrs. Evans. 

Contrary to usual custom, a few speeches were made. The 
General Manager, Mr. A. Glynne Lobley, welcomed the guests 
and spoke of the growth of the Company since its inception 
in 1927, mentioning that the original company comprised 
three other persons and himself, all of whom were still with 
the Company, and that the factory itself had continued to 
grow beyond the limits of the present site, so that novel 
methods had had to be adopted for the latest extensions. 

Mr. Evans made a congratulatory speech on the Company’s 
growth, and said that Mr. Lobley possessed imagination, a 
full understanding of the technical aspects of the business, 
and had aiso made it clear that he was a good salesman. He 
made the very strong point that, in certain types of business, 
the successful salesman must be a technical man, and this 
applied to the business under Mr. Lobley’s control. But the 
able support of an efficient staff was an essential complement, 
and due acknowledgment was made. 

The response on behalf of the guests was made by Dr. 
Leslie Aitchison, who thanked the Company 
for their hospitality, and proposed the toast 
of the Company. 


Further Order for Special 
Steel High-Pressure Vessels 


Another order has just been received 
from Italy by the English Steel Corpora- 
tion, Ltd., Sheffield, for special alloy steel 
high-pressure vessels for the hydrogenation 

lant for the extraction of petrol from oil 

ing erected in that country. These vessels 
are similar to those at present being manu- 
factured by them at their Vickers works, 
and in placing the additional work in this 
country a tribute is paid to the forging and 
heat-treatment technique developed by the 
English Steel Corporation. 

This Company has specialised in the 
production of high-pressure vessels for hy- 
drogenation, and had much experience in 
connection with the extensive plant erected 
by Imperial Chemical Industries, Ltd., at 
Billingham. 
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Robertson Rolling Mills to be Built in 


America 

The high reputation of the cold-rolling mills which have 
been developed by the Bedford firm of W. H. A. Robertson 
and Co., Ltd., is shown by the fact that arrangements have 
been discussed with a well-known American manufacturer, 
for building some of the specialised design of Robertson mills 
in U.S.A. 

Mr. W. H. A. Robertson, managing director, has just 
returned from a visit to the States, where he has been in 
conference with those American companies who have close 
technical association with the English company. This journey 
gave Mr. Robertson the opportunity to study conditions and 
developments in the American cold-rolling industry, and the 
design and application of auxiliary machinery. 


New International Stellite Hard-Facing 
Procedure Booklet 


The International Stellite Corporation, 30, East 42nd 
Street, New York, announces the publication of a new booklet 
entitled ‘ Stelliting Steel Wearing Surfaces by the Oxy- 
acetylene Process.’’ Welding operators interested in studying 
the technique of protecting metal-wearing surfaces with the 
hard-facing material, Stellite, will find the simplified step-by- 
step procedure most helpful. The detailed instructions are 
illustrated by photographs and sketches, showing proper 
techniques and methods. 

The procedure, as described, begins with the preparation 
of the steel part, and discusses each operation in turn, includ- 
ing preheating, hard-facing, cooling and finish grinding. All 
necessary precautions and recommendations are given for each 
step. In addition, general recommendations for the proper 
grade of alloy for hard-facing many machine parts are 
presented, together with a discussion of blow-pipe tip sizes 
and methods for drawing out hard-facing welding rod. In 
conclusion, there is a summary of ten important hard-facing 
points, well worth remembering. 

Copies are available without charge or obligation from the 
main office of the International Stellite Corporation, New York, 
or the office of any of its distributors. 


Personal 


Mr. H. J. Peart, a Director of Messrs. Bradley and Foster 
Ltd., has been appointed chairman of the British Wrought 
Iron Association. 

Mr. A. F. Webber, A.M.I.Mech.E., A.M.L.E.E., for the past 
eight years engineer to the British Iron and Steel Federation, 
has been appointed technical assistant to the Managing 
Director of The Superheater Co., Ltd., Bush House, Aldwych, 
London, W.C. 2. 

Mr. W. E. Dobson has been appointed a Director of British 
Pigirons, Ltd., Abbey House, 2, Victoria Street, Westminster, 
London, 8.W. 1. 


One of the high-pressure vessels for Italy in course of manufacture 


Sheet Prices 


Makers’ Conference announced through the 
it has decided to maintain 


The 
Iron and Steel Federation that 
the existing home trade price for black sheets on the 24G 
basis at the present level for the period up to December 31, 


Sheet 


1938. There is the proviso that deliveries after that date 
shall be at the conference price then in operation. 

The existing home trade price for galvanised sheets, 
24 G basis corrugated, is to be reduced by £1 per ton as from 
January 1, 1938, up to and including June 30, 1938; with 
the same proviso in sales and contracts as for black sheets. 
The reduction in the price of spelter has enabled this reduction 
in the cost of galvanised sheets to be made. 

The Basie Pig-iron Producers’ Association has decided to 
maintain prices until June 30, 1938, and the basic steel 
products associations have stabilised prices until the end of 
next year. 


The Steel Cartel 


Although agreement was reported between American steel 
producers and the Cartel, it is now clear that there is at present 
a general understanding that the price level will be respected 
in the Cartel’s spheres of market influence. 

Full American participation in the Cartel cannot be expected 
in the meantime. It should be remembered that the anti- 
trust laws operative in the United States would debar any 
formation of a close trade organisation in the U.S.A. similar 
to that of the British Iron and Steel Federation in this 
country, or to any of the national cartels on the Continent. 
There is no one national iron and steel body in America 
which can act in an executive capacity for the industry as a 
whole. On the other hand, the two companies who handle 
the greater part of the American export trade—the United 
States Steel Corporation and the Bettlemen Steel Corporation 

have export organisations with world-wide connections, 
co-operating to some extent both with each other and with 
other exporting companies through the Steel Export Associ- 


ation, The latter body compiles shipping data and allocates 
markets. 
At the present moment American scrap exports have 


reached the unparalleled total of 4,500,000 tons a year. The 
bulk of American steel export business goes to Central and 
South America, especially Mexico, Brazil and Argentine, 
Japan, China and the Dutch East Indies, also to Canada and 
the American dependencies. The European business is not large 
but is expanding, with useful connections with Holland, Great 
Britain and Scandinavia. A big trade has been built up with 
the U.S.S.R. during the past few years. 

Whilst European makers were unable to meet demand the 
prices for American exports were at the dictation of those 
producers, but now that the American home market has 
weakened, and there is a slackness in sectors of the European 
trade, those prices have had to be revised sharply. 

American representatives were present at the Cartel meeting 
in Warsaw this October, following which the Cartel prices for 
plates, joists and merchant bars were adjusted in China, 
Japan and Manchukuo; prices were also revised for the 
Scandinavian market. Apart from these exceptions, the price 
position has been generally maintained. 

The promise of the American producers to accept the 
principle of price support covers all products except sheet and 
strip. The reason for this is probably that some two dozen 
modern continuous rolling mills are producing thin sheet and 
strip, making a respectable proportion of the American total. 
The U.S. producers believe that they have special interests 
in this department; but apart from that influence, some 
U.S. sheet products are sold in the home market at prices 
below the general world level. 

Should final agreement be reached, on prices and markets 
for export of steel goods, by the International Steel Cartel 
and the American steel industry, the result will be that some 
four-fifths of the world steel output will be controlled, both in 
price and allocation, the large industries excluded being those 
of Japan and Russia, and of these the former is concerned 
with its war-time production, and the latter is not an important 
exporting factor, being concerned with supplying its domestic 
demand. 


The new blast furnace at Jarrow commenced work in the 
second week of December. This furnace, with a capacity of 
16 tons an hour, marks the beginning of a new industry in 
Jarrow, 


METALLURGIA 


DECEMBER, 1937. 


Iron and Steel Production 


The possibilities of increased production of Cleveland 
foundry iron and of East Coast hematite—the latter by the 
commencement of a new furnace at Consett—should ease the 
position and be specially welcome to shipbuilders. Good 
business in regard to forward delivery of both iron and steel 
is expected early next year, in spite of the fact that most 
makers are so heavily sold that they are, at this stage, reluctant 
to increase their obligations. 

After this month Cleveland prices will be based on No. 3 
G.M.B., 109/-, less 5/— royalty rebate, this applying to 
Middlesbrough district delivery. 

Buyers of hematite are offering business freely for 1938, 
on the basis of No. | quality East Coast at 133/—, less the 
5 —rebate, for Scottish and North-East Coast delivery. Steel 
departments continue to work at full pressure against orders 
in hand. Pressure seems to have eased slightly, although the 
tone of the market is well maintained. Export inquiries, 
however, have declined to a marked extent. 


Some Recent Contracts 


Edgar Allen and Co., Ltd., Sheffield, have received contracts 
for a magnesite and anthracite handling plant from the 
Magnesium Metal Corporation, Ltd., London. This contract 
comprises a combination tube mill, a rotory dryer, a Stag 
crushing rolls, together with a table feeder, elevators, band 
and feeder conveyers, steel bunkers, buildings and other 
auxiliary plant; a calcining plant, comprising a complete 
ealciner with all necessary auxiliaries, including dust-collecting 
plant, from the Universal Grinding Wheel Co., Ltd., Stafford ; 
for rotary kiln extensions, from the Associated Portlandl 
Cement Manufacturers, Snodland, Kent; one rotary screen 
and two single-deck Edgar Allen-Allis Chalmers vibrating 
screens, for John Lysaght, Ltd., Nettleton Quarries, and four 
Edgar Allen-Allis Chalmers single-deck vibrating screens, for 
Messrs. Richard Thomas and Co., Ltd., Irthlingborough. 


United Foundry and Engineering Co., Youngstown, U.S.A.., 
with which Davy and United Engineering Co., Ltd., are 
associated has contracted to supply a two-stand tandem 
high-speed four-high 42-in. skin pass mill for the Sheet and 
Tube Company’s tinplate works at Indiana Harbour, and for 
** Machinoimport,”’ Russia, a 112-in. hot and cold four-high 
reversing mill, a 66-in. four-high cold reversing mill, and a 
112-in. and 66-in. planishing mill, together with auxiliary 
equipment, together with a complete finishing department, 
including cleaning, shearing, levelling and processing equip- 
ment. A further order includes twa four-high reversing cold 
mills and three two-high skin pass mills for Stewarts and 
Lloyds, Ltd., Corby. 


Steel Buyers’ Guide 


Edgar Allen and Co., Ltd., have brought out a new pub- 
lication called ‘“*‘ The Steel Buyers’ Guide.’ This is a hand- 
book to the correct steels for particular parts and purposes. 
It is a quarto book of 56 pages, printed in two colours, in 
clear readable type, and gives, in tabular form and in alpha- 
betical order, a comprehensive list of parts and purposes for 
which steel can be used. In the first column, immediately 
following the name of the part, is given the particular Edgar 
Allen steel recommended ; but in order that the book shall be 
of use whether the reader buys Edgar Allen steels or not, the 
exact character of the steel is described in a second column. 
Further columns give an alternative steel and its type. The 
book consists solely of these tables. As an example, “ Air- 
craft Gears"? may be mentioned. The recommended steel for 
these is A 13, which is clearly indicated as a nickel-chromium- 
tungsten alloy. The alternative steel is CHNS, which is a 
nickel-alloy case-hardening steel. Cross-referencing is thorough 
and comprehensive, so that ‘ Aircraft Gears’ will be found 
under both “ Aircraft’ and “Gears.” The book has not been 
produced without great expense, and cannot be given away 
indiscriminately, but any genuine steel buyer, engineer or 
designer, who is prepared to give his name, firm and position, 
which information will be treated confidentially, can have a 
copy of the book on application to Edgar Allen and Co., Ltd., 
Imperial Steel Works, Sheffield, 9. (A review copy is available 
if desired.) 
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One Hundred Years of Steel 


HE history and progress of John Brown and Co. 

I and Thos. Firth and Sons, an account of whic’ is 

given in a recent-book published by the Company, 
shows that these two businesses were started within 
five years of each other; Sir John Brown commenced 
business on his own account in 1837, and Thomas 
Firth, with his sons Mark and Thomas, founded their 
firm in 1842. 

Space forbids summarising all the achievements of these 
two companies ; seldom a year passed but that one or the 
other had some noteworthy accomplishment or stage of 
progress to record. In 1849 Sir John Brown invented and 
petented the conical spring buffer; Firths forged their first 
gun in 1852 and put down 3-ton and 5-ton hammers for 
forging guns for Armstrong in 1858; and so on, with Sir 
John Brown introducing the Bessemer process to Sheffield 
in 1860, and Firths extending their crucible melting 
department and laying down two 25-ton steam hammers— 
every year a landmark in the history of the two separate 
companies, now united. 

John Brown and Co., Ltd., acquired a controlling interest 
in Thos. Firth and Sons, Ltd., in 1903, and in 1930 the 
latter firm and the steel-preducing interests of John 
Brown and Co., Ltd., amalgamated to form Thos, Firth and 
John Brown, Ltd., under the chairmanship of the Rt. Hon. 
the second Lord Aberconway. 

The invention of the conica! spring buffer did much to 
assist the development of the railways for passenger 
carrying. The success of the invention resulted in con- 
siderable extensions to the workshops and eventually the 
Queen’s Works in Saville Street were secured in 1854. 
Three years after acquiring this 3-acre site, the growth 
of business demanded further space and equipment so 
another 10} acres were acquired on the other side of the 
railway line. Additional cementation and _puddling 
furnaces, rolling mills, and hammers were put down. By 
this time, the works had twelve mills in full operation, 
hammers up to 12 tons had been installed, and the iron 
foundry was capable of producing single castings up to 
50 or 60 tons weight. 

Prior to 1936, when Sir Henry Bessemer read his paper 
before the British Association at Cheltenham, the John 
Brown works were producing wrought iron, “ blister ”’ steel, 
and “sheer ”’ steel. Sir John was the first ironmaster to 
consider the Bessemer process seriously, after the failure 
of the experiments of the early licensees, and took up the 
manufacture of steel by the Bessemer process in 1860. 
Five vears later the company, using a 4-ton converter, 
were able to produce a mass of cast steel weighing 24 tons 
every four hours. 

The next development was the production of satis- 
factory armour plate. This was first produced by rolling 
small bars, then putting five such small rolled bars together 
and rolling them down to a rough slab, two of which slabs 
then being welded and rolled down to make a plate, and the 
process continued until there were welded together 160 
thicknesses of plate. This was followed by the production 
of armour plate no less than 12 in. thick, 

The Firths, father and sons, bought themselves premises 
in Charlotte Street, Sheffield, melting steel in a crucible 
furnace and manufacturing cutlery and tool steels. Within 
eight years the business had developed to such extent 
that new accommodation was needed, and the new Norfolk 
works were planned with the assistance of the younger 
brother John. These were opened at the end of 1851 ; and 
then a large crucible furnace shop, several cementation 
furnaces, bar and sheet rolling mills, tilt hammers, a file 
works, and an edged tool department were included in the 
firm’s facilities. Mr. Mark Firth gained control over a 
Swedish bar iron works, thus assuring supplies of iron bar 
for conversion into steel. 

In 1849 the firm leased the Claywheel forges, forging 
their first gun in 1852. The technical struggle between 
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offensive and defensive measures could be said to be just 
about starting at this time. The thickness of armour 
plate increased, so also did the calibre of guns and the 
weight and effectiveness of projectiles. Firths began the 
manufacture of ordnance and projectiles for which they 
were to develop an international reputation ; for a number 
of years practically every ton of steel used by the British 
Government for guns was furnished by Firths. 

In the first year of its incorporation the firm of John 
Brown and Co. enlarged their Bessemer plant, laid down a 
new rail mill and greatly developed their business in rails 
and railway tyres. The next development of major 
import was the adoption of the Siemens process in 1879. 
Firths followed suit some five years later, when they put 
down two 25-ton and one 10-ton regenerative gas furnaces. 

In 1900 Firths took up the principle of alloying tungsten 
in tool steels, and soon established themselves as makers 
of high-speed steels. Then came the electric arc furnace, 
and in January, 1911, Firths tapped the first heat of 
electrically melted steel, More furnaces were laid down in 
1915, and in the following year John Brown and Co. 
adopted the new method. There is no doubt but that this 
opened the way to the quantity production of alloy steels. 
Certainly the coming of the internal combustion engine, 
and its adoption for motor vehicles and aircraft, made 
these alloy steels essential ; both from the point of view 
of stronger, lighter materials, but also from that of tools 
with which to machine those materials. 

These two companies were working side by side, and it is 
no surprise that they should combine in establishing 
research laboratories. This took place in 1908, with the 
purpose of influencing the processes and products of the 
two companies, and also to assist those other concerns 
who were using the companies’ steels. The first discovery 
of note was that of the rust-resisting properties of chremium 
steels in 1913. This, of course, led eventually to the 
marketing of Firth stainless steel cutlery. Before this was 
well in hand, the Great War started and the resources 
of both concerns were placed at the disposal of 
the Government. 

After the war the companies realised the enormous field 
of application for steels that were resistant to corrosion 
and heat. Steels containing higher percentages of 
chromium, with or without the addition of nickel, were 
investigated, and “‘ Staybrite’’ acid-resisting steel was 
marketed. Questions of working—welding, brazing, spin- 
ning, machining, and soldering—were investigated with 
equal care. The very high-tensile steels were evolved, and 
the laboratories played an important part in the develop- 
ment of the “ Nitralloy ” class of steels. 

Further new developments and applications followed 
rapidly, especially as modern industrial requirements made 
necessary the production of steels that would withstand 
high temperatures, high pressures, and highly corrosive 
conditions, 

A great trade has been built up in steel forgings; the 
associated companies producing carbon and alloy steels 
in ingots and bars, carbon and alloy steel forgings ; hollow- 
forged boiler drums, conical reaction chambers and oil- 
distillation vessels, and a diversity of other forgings for 
literally hundreds of purposes. Carbon and alloy steel 
forgings and drop stampings are made for aircraft and 
automobile work, and the many other products of these 
companies includes carbon and alloy steel bars, special 
alloy steels with a range of up to 120 tons per sq. in. tensile 
strength, case carburising and nitriding, as well as direct 
hardening steels, magnetic and non-magnetic steels, with 
high or low thermal expansion, every type of tool steel, 
high-speed steels, and special developments for punches 
and dies, finished small tools covering all requirements, 
and carbon and alloy steel castings for all purposes, 

This excellent book is well produced and _ beautifully 
illustrated, forming a fitting souvenir of the celebration of 

the centenary of these two world-famous companies, 
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ALUMINIUM. GUN METAL. SCRAP METAL. 
98/99% Purity .......... £100 0 0 *Admiralty Gunmetal Ingots Copper, Clean ....cccccccces £31 0 0 
ANTIMONY. *Commercial Ingots ....... 53 0 0 ens _ 

£81 10 © *Gunmetal Bars, Tank brand, 2110 0 

66 0 0 lin. dia. and upwards.. Ib. Gem Motel... 31 0 0 

30 0 0 | *Cored Bars 810 0 

BRASS. Scotland— q 

Solid Drawn Tubes ...... Ib. 0 O11} Crown Bars, ............: £13 10 9 Heavy Steel—- 

1 If NE. Coast— 310 0 

*Extruded Brass Bars . Common Bars ...........:+ 12 10 9 Cast Iron— 

COPPER. 13 10 0 S. Wales 310 0 

Standard Cash ........... £40 3 142 6 Cleveland 42 6 

Electrolytic 4410 Midlands— Steel Turnings— 

Best Selected ............ 43 11 1310 Cleveland DS 212 6 

43 0 0 1515 0 Midlands 25 0 

74 11 0 Unmarked Bars........... Cast Iron Borings 

Solid Drawn Tubes ...... lb, O 1 OF Gas Strip.........-..se0e- l4 2 6 

Brased Tubes ........... » 1 8S. Yorks.— SPELTER. 

1515 0  G.O.B. Official .............. 
{Tungsten Metal°® Powder PHOSPHOR BRONZE. India. 10 0 
lb. £0 9 *Bars, “ Tank” brand, | in. Re- 1115 

° nominal , 0 8 6 dia. and upwards—Solid Ib. £0 1 1 

Ferro Chrome, 60-70%, Chr. » 9 O11 Ship, Bridge 
Basis 60°, Chr. 2-ton tSheet to 10 W.G. ........ tland £il 10 0 
lots or up. » O 1 Of Noeth. Fast 1110 0 
2-4% Carbon, scale 12/- 1110 0 

per unit » © 1 Boiler Plates (Land) Scotland... 12 0 0 

< | 4-6% Carbon, scale 8/- 0 1 34 (Marine) wet 

per unit ............ » 24 5 0 Phos. Cop. £33 above B.S. Geet 12 6 © 

S 6-8% Carbon, scale 7/6 +15%, Phos. Cop. £38 above B.S. 

= 24 0 © +Phos. Tin (5%) £30 above English Ingots. Angles, ll 0 6 

PIG IRON. North-East Coast ... Ill 0 6 

fined, broken in small : 9 
pisces for Crucible Steel- Foundry No. 1 ...........+ 5 8 6 Heavy Rails 10 2 6 

work. Quantities of 1 ton 
Geer. 2° Hematite No. 1 .......... 6 3 Sheffield— 
Bigg Foundry No. 1 ........e-. 5 8 6 Siemens Acid Billets....... 1115 0 
seale 12/6 per unit 37 0 ry 

5 6 O Hard Basic .. £617 6to 10 2 6 

tManganese Metal 97-98%, F N 11 5 0 

N. Staffs. ‘o No. 4 56 8 O 
lb. 0 1 3 

{Metallic Chromium ....... Foundry No. 3 .. 0 Scotland, 

: 25-509 9 ae 

Derbyshire Forge............ 5 8 © Finished Bars 18% Tung- 
per unit nominal .... ton 10 5 0 . 5 
20/30%. basis 25%. scale Foundry No. 1. 514 0 
3/6 per unit is 0 0 Foundry No. 3. © com 
West Coast Hematite ....... 6 8 6 Round and Squares, 4 in. 
45/50% basis 45%, scale East 6 3 0 to fin 00 3 
SW EDISH CHARCOAL IRON Under ti in, to in. 0 1 0 
90/95%, basis 90%, scale Export pig-iron, maximum per- in. aes xs 
§Silico Manganese 65/75°, phosphorus 0-025. TIN 
Mn., basis 659% Mn... ,, 15 15 0 Per English ton......... Kr.185 ‘ 
Ferro Phosphorus, 20-25% ton 22 0 Kr.335-385 195 12 0 
§Ferro-Molybdenum, Molyte lb. 0 4 9 Per English ton .. £17 11 3/£20 3 9 
§Calcium Molybdate ...... » 4 5 Wire Rods, over 0-45 Carbon. 
. Per metric ton ......... Kr.385-415 
FUELS. Per English ton ... £20°3 9/£21 15 0 ZINC. 

Foundry Coke— Rolled Martin Iron, basis price. English Sheets .............. £29 10 0 
22 6 Per metric ton ......... Kr.335-355 Rods 23.0 
Scotland....... -- $36 Per English ton .. £17 11 3/£18 12 3 Battery Plates.............. _ 

Durham — 118 6 Rolled charcoal iron, finished Boiler 

bars, basis price. LEAD 

otland......... 2 0 0 Per metric ton..........+ Kr.360 
6 Per English ton.......... £18 176 Soft Foreign £15 16 0 
7 6 f.o.b. Gothenburg. 18 0 0 
* McKechnie Brothers, Ltd., Dec. + C. Clifford & Son, Ltd., Dec. t Murex Limited, Dec. 


Subject to Market fluctuations. Buyers are advised to send inquiries for current prices when about to place order. 
Jan./Mar. 1938 § Prices ex warehouse, Dec. 4] The prices fiuctuate with the price of Tungsten. 
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SHORTER PROCESS CO. Ltd. 
Savile Street East, Sheffield 4. 


AMSLER 
TESTING MACHINES 


| 

_ Unequalled for rapid and accurate testing, 

for ease of operation and for low 
maintenance costs 


T. C. HOWDEN & Co., 
5 & 7, Fleet Street, Birmingham, 3 


There is a *“*HARDENITE”’ case-hardening 

compound suitable for any  case-hardening 

operation, whether it be a question of uniformity, 

quick penetration, repetition, absence of freckle, or 

rapid case-hardening in the open hearth. 
“ Hardenite” compounds are made solely by 


The 
AMALGAMS Co., Ltd. 
184, Attercliffe Rd., SHEFFIELD. 


TWO STEEL METALLURGISTS required, on alternate shifts, 
to supervise two 2-ton and one 5-ton Stobie are furnaces in India. 
Salary Rupees 600 per month pins annas 10 per ton of shift out- 
put. Guaranteed minimum at any time Rupees 725 (about 
£54-7-0) permonth. Free quarters, light and medical attendance. 
Three years’ agreement with return passages paid. Four 
months’ home leave afterwards on half-pay, with passages paid, 
if re-engaged. Box 91. 
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Imperial Chemical Industries, Ltd., Imperial Chemical House, 
London, S.W. 1. 
Aluminium 
Aluminium Union, Ltd., Bush House, London, W.C.2. 
British Aluminium Co., Ltd., King William St., London, E.C.4. 
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James Howden & Co. Ltd., 195, Scotland St., Glasgow, Scotland 
Kasenit Ltd., Henry St., Bermondsey St., London, 8.E. 1. 
Ofag Ofenbau, Diisseldorf, Germany. 

Priest Furnaces Ltd., Albert Road, Middlesbrough. 

Fused Blocks 
Imperial Chemical Industries Ltd. Dept. C.6, Imperial Chemical 

House, London, 1. 

Gas 

British Commercial Gas Association, Gas Industry House, 
1, Grosvenor Place, London, 8.W., 1. 

Gears 
Wallwork, Henry, and Co., Ltd., Red Bank, Manchester 
Shorter Process Co., Ltd., Savile St- East, Sheffield 

Gun Metal Ingots and Rods 
McKechnie Bros., Ltd., Rotton Park St., Birmingham. 

Hardening Metals 
Shorter Process Co. Ltd., Savile St. East, Sheffield. 

1.C.I. Cassel Cyanide. 

Ingots (Non-Ferrous) 

McKechnie Bros., Ltd., Rotton Park St., Birmingham. 

Machine Tools 
Sanderson Brothers and Newbould Ltd., Sheffield. 

Magnetic Separators, Clutches, Chucks, and Lifting Magnets. 
Electromagnets, Ltd., 48, High Street, Erdington, Birmingham. 

Motors (Electric) 
Metropolitan-Vickers, Ltd., Trafford Park, Manchester. 

Naval Brass Ingots 
McKechnie Bros. Ltd., Rotton Park St., Birmingham. 

Non-Ferrous Alloys 
Clittord, Chas. and Son, Ltd., Birmingham 
Manganese Bronze and Brass Co. Ltd., Handford Works, Ipswich, 
McKeshnie Bros., Ltd., Rotton Park St., Birmingham. 

High Duty Alloys, Ltd., Trading Estate, Slough. 
1.C.I. Metals Ltd., Kynoch Works, Witton, Birmingham, 6. 

Non-Ferrous Metals 
Reynolds Tube Co., Tyseley, Birmingham. 

I.C.I. Metals Ltd.. Kynoech Works, Witton, Birmingham, 6. 
McKechnie Bros. Ltd., Rotton Park St., Birmingham. 
Pig Iron 


Barrow Hematite Steel Co., Barrow-in- Furnace. 


Ltd., 


Bradley & Foster, Ltd., Darlaston. 
Presses 
Eumuco Ltd., Beverley Works, Willow Ave, Barnes, London, 
S.W. 13. 


Schloemann, A.-G., Dusseldorf, Germany. 
Protection of Metal Parts for Use at High Temperatures. 
Calorizing Corporation of Great Britain, Ltd., 32, Farringdon 
St., London, E.C. 4. 
Pulverised Fuel Equipment 
Alfred Herbert Ltd., Coventry. 
Pyrometers 
Electrofio Meters Ltd., Abbey Road, Park Royal, London, N.W. 1. 
Ether, Ltd., Tyburn Road, Birmingham. 
Honeywell Brown, Ltd., 70, St. Thomas Street, London. 
Integra Co., Ltd., 183, Broad St., Birmingham, 15. 
Metalectric Furnaces Ltd., Cornwall Rd., Smethwick, Birmingham. 
Recording Instruments 
Dine Engineering Co. 60, Mount Street, Nechells, Birmingham. 
Electrofio-Meters Co., Ltd., Abbey Road, Park Royal, London, 
N.W. 10. 
Ether, Ltd., Tyburn Road. Birmingham. 
George Kent Ltd., Luton, Beds. 
Integra Co., Ltd., 183, Broad St., Birmingham, 15. 
Metalectric Furnaces Ltd., Cornwall Rd., Smethwick, Birmingham 
Refractories 
Carborundum Co., Ltd., Trafford Park, Manchester. 
J. and J. Dyson, Ltd., Stannington, Sheffield. 
Kingscliffe Insulating Products, Ltd., Sheffield. 
Thos. Marshali and Co., Loxley, near Sheffield 
John G. Stein & Co., Bonnybridge, Scotland. 
Roll Grinding Machines 
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Protected under B.N.F Patent No. 308647—1929. 
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High Conductivity Copper Bars and Strip. 
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Non-Ferrous Wires for Metal Spraying. 
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have an international appeal 
knowing no bounds of language. 
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—lIf they are good pictures. 


We have specialised in engineering subjects 
for many years and our artists appreciate 
the engineers’ outlook. They can put life 
and action into otherwise dull and un- 
interesting photographs in a manner that 
pleases the eye without offending the 
engineers’ sense of correctness. 


For your next photographs and drawings 
of machines, plant etc., consult, without 
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REC ORD SIGNAL CONT RO 
RRS — AND OTHER L & N MODERN 
T four distinct L & N types of pyrometers: covering 
} rding- Each employs thoroughly proved 
4 ff ; which balance the varying voltage 
Optical pyrometers balance the brightness of a hot object 
against the brightness of a standard lamp filament 
is the moder" the L&N method of temperature measurement: 4 
» There is no other method which will fit the exacting : 
Shoe conditions of modern heat-treatmen® 
ge There are L&N instruments embodying these principles to 
indicate, record and control temperatures for all types of 
furnaces and rreatments, for remote operation for multi- 
operation of furnace patteries or dispersed temperature 
locations and all these L&N instruments are robust machines 
Our engineers will gladly co-operate with yours consider 
your temperature control problems, either for new piant or a4 = 
for conversion t0 the L & N balance syste™- 
pie THE INTEGRA co. LTD. 7 
Manufacturing Licensees of the LeeDs NORTHRUP co. 
183, BROAD ST., WORKS: 15-19, ISLINGTON ROW, BIRMINGHAM 15 
: 
 Micromax | industr most accurate pyrometer 


